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Executive Summary

Over decades of operation, the U.S. Department of Energy (DOE) and its
predecessors have released nearly 2 trillion liters (450 billion gallons) of liquid
into the vadose zone at the Hanford Site. Much of this liquid waste discharge into
the vadose zone occurred in the Central Plateau (Figure ES-i), an area of 200
square kilometers (75 square miles) that includes approximately 800 waste sites
and 900 facilities that operated to extract and purify' plutonium. The byproducts
of this activity were effluents contaminated in varying degrees with chemicals and
radionuclides. The most dangerous waste was stored in 177 underground tanks.
Some of this waste has been released to the vadose zone. Also, concentrated
waste was discharged into engineered surface structures and allowed to percolate
through the vadose zone. This practice resulted in large-scale contamination of
the vadose zone and groundwater underlying the Central Plateau. Some of this
contamination remains in the vadose zone and has the potential to contaminate
groundwater in the future.

The vadose
zone is the
area between
the surface of
the land and
the water
table.

Figure ES-i. This plan focuses on the remediation of the deep vadose zone in
the Central Plateau of the Hanford Site (shown above in October
2007; photo is looking east).
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The deeper sections of the vadose zone, herein termed the deep vadose zone, pose
unique problems for remediation by the very nature of the vadose zone itself
(refer to Section 2.0 for more detail). Because pore spaces are unsaturated (a
mixture of air and water), conventional remediation technologies such as pump
and treat are ineffective. The heterogeneous nature of the Central Plateau vadose
zone confounds detailed understanding of the distribution and extent of
contamination. Because of the deepness of the vadose zone, thorough
characterization using traditional sampling and analysis is cost prohibitive. Much
of the contamination is too deep for applying the remediation techniques that have
been used for surface waste sites such as in the River Corridor and alternative
remediation approaches are needed. These issues and others combine to make the
deep vadose zone at Hanford one of the most challenging remediation problems in
the DOE complex today. In situ treatment and surface barrier technologies offer

Treatability promise for immobilizing contaminants in place, minimizing worker risk by
studieseliminating the need to handle waste materials, and do not transfer waste to

studieshh another location where risks must be managed (e.g., in a landfill). However, in
estalishthesitu technologies for application to the Hanford deep vadose zone are not

design and developed and tested sufficiently to enable adequate evaluation as remedial
operating alternatives. Thus, treatability testing is warranted. Other technology options,
parameters such as deep excavation, may also be suitable for application to the Hanford
necessary to vadose zone. However, this treatability test plan focuses on testing in situ

treatment adsurface barrier technologies. Although, as outlined in this test plan,
optimize additional information about the in situ technologies is needed to fully evaluate
technology them for Hanford application, an initial comparative analysis of a deep excavation
performance approach and an in situ remediation approach will be conducted to define the
and implement a relative implementability, effectiveness, and cost factors. This initial evaluation

soundcost-will provide a starting point for subsequent evaluation of the in situ technologies
soundcost-as treatability test information is collected. Deep excavation and other potential

effective remediation technologies will also be evaluated as part of future
remedy feasibility studies, as appropriate.

To ensure appropriate focus of attention and resources is directed toward the
remediation of the deep vadose zone, the Tri-Party Agencies (DOE, U.S.
Environmental Protection Agency [EPA], and Washington Department of

Ecology [Ecology]) established Milestone M-0 15-50,
Why does this test plan focus on which directs DOE to submit a treatability test plan for
technetium-99 and uranium? remediation of technetium-99 and uranium in the deep
This test plan focuses on technetium-99 and vadose zone. This document, which comprises theuranium as directed by TPA Milestone M-
015-50. These contaminants are mobile in Treatability Test Plan required by Milestone M-0 15-50,
the subsurface environment and have been has been written by an integrated project team with
detected at high concentrations deep in the members from the DOE Richland Operation Office and
vadose zone, and at some locations have Ofc fRvrPoetoFurHnod n. aiireached groundwater. Testing technologies ofices f tier l Pr ottFor anod, IcPaiifor remediating technetium-99 and uranium NrhetNtoa aoaoy n HMHL
will also provide information relevant for Hanford Group, Inc. with Fluor Hanford, Inc. being
remediating other contaminants in the responsible for the overall integration and production of
vadose zone. Jthis treatability test plan. Testing of deep vadose zone
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technologies described in this plan will be conducted to satisfy requirements of
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). The methodology and results of this test plan may also be useful in
determining corrective action under Resource Conservation and Recovery Act
(RCRA).

The major objective of this treatability test plan is to provide a strategy and a
framework to evaluate specific vadose zone remediation technologies and
includes a comprehensive set of laboratory, modeling, and field tests to do so.
While the testing may include a field test at a specific waste site, characterizing
and remediating a waste site are not goals of this testing. The testing will be
conducted to obtain technical performance data for a technology and, thereby,
provide a technical basis to evaluate the technology as part of a remedy in
subsequent remedial alternative assessments. The strategy focuses on testing the
most promising in situ treatment and surface barrier technologies as determined
based on several previous technology evaluation efforts at Hanford (refer to
Section 3) as a first step in considering technologies for the deep vadose zone.
The technologies selected for inclusion in the test plan are summarized in
Table ES-l. Each of these technologies has potential for use at Hanford as a
component of a remedy for the deep vadose zone. However, as described in this
treatability test plan and in the previous technology evaluation efforts, each of
these technologies require additional infonmation prior to making decisions about
their full-scale use at Hanford.

The strategy for evaluating the selected vadose zone remediation technologies
uses a multi-component, phased treatability testing framework. This framework
was developed because of the knowledge gaps inherent in the vadose zone itself,
because the six potential technologies are at different levels of technology
readiness, and because the different types of remediation technologies require
different types of assessment. Additionally, selection of an appropriate field
testing site is linked to the need for demonstrating a specific technology, the risk
associated with the field demonstration, and the relevance to high priority target
site vadose zone problems. The multi-component approach to address these
treatability testing needs is discussed in detail in Section 4.

The treatability test plan framework includes two primary phases. The first phase
focuses on conducting laboratory work and numerical modeling to address
uncertainties associated with technology and employing the technology in the
deep vadose zone. The second phase of the framework involves the design and
implementation of treatability testing in the field at carefully selected locations.
These tests will be conducted with one or more technologies depending upon the
success of Phase 1 testing.
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Table ES-i. Technologies Evaluated and Selected in this Treatability Test Plan.
What technologies from

previous studies were Wha is it? Was this technology selected for
evaluated for this atfinal inclusion in this plan?

treatabiity test plan?
Desiccation Desiccation involves drying a targeted portion of YES- Removing water from the

the vadose zone by injecting dry air and vadose zone via desiccation is
extracting soil moisture. Because desiccation promising.
removes water already in the vadose zone, it
reduces the amount of pore fluid that could
transport contaminants into the deep vadose zone,
impedes water movement, and augments the

____________________impact of surface water infiltration control. _______________

In Situ Gaseous A reducing gas (e.g., hydrogen sulfide) is used to YIES - Because in situ gaseous
Reduction directly reduce some contaminants and render reduction has the potential to

them less soluble while they remain reduced or immobilize technetium-99 and
can reduce sediment-associated iron which can uranium and has been
subsequently reduce contaminants, demonstrated at the field scale

for similar applications, it is
included for further study in the

__________________________________ treatability test plan.
Multi-Step Geochemical Geochemnical manipulation is in the YES - While this multi-step
Manipulation developmental stage. The technique involves process is still conceptual, it

introducing gases into the vadose zone that builds on the successful
change Ehi and/or pH and create conditions for development and demonstration
precipitation of minerals with co-precipitation of of in situ gaseous reduction and
contaminants. provides a potential for more

effective immobilization of
contaminants such as
technetium-99 and uranium.

Grout Injection Grout injection is a means of treating subsurface YES - Grouting technologies
contaminants by injecting grout or a binding have the potential for use as part
agent into the subsurface to physically or of a remedy for the deep vadose
chemically bind or encapsulate contaminants, zone.
There are multiple types of grout/binding
materials. Grouting technologies have the
potential for use as part of a remedy for the deep
vadose zone.

Soil Flushing Soil flushing operates by adding water and an YES - Soil flushing provides a
appropriate mobilizing agent, if necessary, to potential mechanism to remove
mobilize contaminants and flush them from the contaminants from the
vadose zone and into the groundwater where they subsurface; however efforts
are subsequently captured by a pump-and-treat need to determine whether it is
system. feasible to implement soil

flushing in a way that minimizes
uncertainties for applications to

__________________________________the deep vadose zone.
Surface Barriers Reduction of water infiltration by surface barriers YES - Surface barriers are a

diminishes the hydraulic driving force for baseline technology for near-
contaminant migration downward through the surface contamination and
vadose zone to the water table. previous technology screening

studies identified surface
barriers as a promising
technology for the deep vadose

__________________________________________________ zone.
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This document provides a description of the overall approach for testing all the
selected technologies. Additional infonmation is also provided in appendices
about specific activities planned for testing focused on technetium-99 and
uranium . Testing of the desiccation technology will occur first as described in
Appendix D, with an initial emphasis on technetium-99 contamination.
Desiccation testing is also relevant to other contaminants and will provide key
information about applying a gas-phase technology in the vadose zone at Hanford.
In parallel with these efforts, testing of reactive gas technology will be conducted
as described in Appendix E, with an initial emphasis on uranium contamination.
Testing of reactive gas technology is initially focused on laboratory and modeling
efforts and will use information gained during desiccation testing to guide
subsequent field testing efforts as appropriate.

Concurrent with the phased treatability testing will be a series of ongoing related
DOE and Hanford activities. These include uranium treatability testing in the 300
Area, a 300 Area Integrated Field Research Center, a variety of technetium-99
and uranium remediation studies performed at universities and national
laboratories throughout the country, and a technetium-99 groundwater
remediation technology demonstration at Hanford. The information derived from
these activities will feed into the overall technology evaluation process. The DOE
and Hanford activities are described in more detail in Section 3.0.

Documentation of treatability testing efforts will be provided as defined by Tri-
Party Agreement (TPA) milestones submitted in conjunction with this test plan.
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1.0. Project Description

The three agencies responsible for the Tni-Party Agreement (TPA) (Ecology et al.
1989) established Milestone M-0 15-50, Submit a Treatability Test Work Planfor
Deep Vadose Zone Technetium and Uranium to Ecology and EPA. To meet the
objectives of the TPA milestone, this document was developed. This document is
a compilation of existing information and establishes a framework for conducting
treatability tests and can serve as the basis for discussion and input from the
regulatory agencies and stakeholders. A draft of this document was delivered to
the U.S. Environmental Protection Agency (EPA) and Washington State
Department of Ecology (Ecology) at the end of December 2007. A workshop was
held on February 19, 2008 to obtain input and discuss comments from interested
parties. Written comments were also received by regulatory agencies, Tribal
Nations, and stakeholders, and incorporated into this document.

The tests proposed in this document focus on mitigating the contaminants
technetium-99 and uranium, as required in the TPA milestone. The improved
understanding of subsurface conditions and methods to remediate these principle
contaminants will also be used to evaluate the application of specific technologies
to other contaminants across the Hanford Site. Specific technologies are
recommended here for testing at areas that may affect groundwater in the future,
but a strategy to test other technologies is also presented.

1.1. Nature of the Problem

Over decades of operation, the U.S. Department of
Energy (DOE) and its predecessors have released nearly
2 trillion liters (450 billion gallons) of liquid into the DD
vadose zone at the Hanford Site. The composition of thisN
liquid ranged from clean Columbia River water to 10A
effluent contaminated with chemicals and radionuclides
from the plutonium refinement processes conducted on
the Central Plateau (Figure 1-1). 2

Figure 1-1. The Central Plateau (shown in
purple, an area of approximately 75 square
miles) encompasses the 200 Areas of the
Hanford Site.
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The deep This practice resulted in large-scale contamination of the vadose zone and
groundwater. Some of this contamination remains in the vadose zone and has the

vadose zone is potential to contaminate groundwater in the future. The deeper sections of the
that reg9ion of vadose zone, herein termed the deep vadose zone, pose unique problems for
the subsurface remediation by the very nature of the vadose zone itself (refer to Section 2.0 for

wheremore detail). Because pore spaces are unsaturated (a mixture of air and water),
whereian conventional remnediation technologies such as pump and treat are ineffective.

containantThe heterogeneous nature of the Central Plateau vadose zone confounds detailed
migration is not understanding of the distribution and extent of contamination. Because the
affected by vadose zone is so thick, thorough characterization using traditional sampling and
imp lementa~tion analysis is cost prohibitive. Much of the contamination is too deep for applyingP the remediation techniques that have been used for surface waste sites such as inof surface the River Corridor and alternative remediation approaches are needed. These
remedition, issues and others combine to make the deep vadose zone at Hanford one of the
and thus poses a most challenging remediation problems in the DOE complex today. Figure 1-2
potential illustrates the region of the vadose zone that is the target of this plan.

cotnig The Central Plateau is an area of roughly 200 square kilometers (75 square miles)threat to with approximately 800 waste sites. These waste sites cover 16 square kilometers
groundwater (6 square miles) near the center of the plateau. The Central Plateau contains
quality.

Deep
Vadose Zone
Terminology

4r*.Wbh.umtm
pMIfnwMe shalo

L~ftddhdhv.Zone
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Figure 1-2. The Deep Vadose Zone Is the Target of This Plan.
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approximately 900 facilities that operated at Hanford during 1943 to 1989 to
process irradiated materials produced in reactors near the Columbia River and
extract plutonium. The byproducts of this activity were effluents contaminated in
various degrees with chemicals and radionuclides. The most dangerous waste
was stored in 177 underground tanks. Some of this waste has been released to the
vadose zone. Also, some concentrated waste was discharged into engineered
surface structures and allowed to percolate through the vadose zone.

Contamination residing in the deep vadose zone was, in most cases, driven there
by the liquid waste and natural recharge or recharge from Hanford operations.
Natural recharge could be as high as 100 mm/year or as little as a fraction of a
millimeter, depending on soil type and vegetation. Hanford operations-related
recharge could be much higher, produced by runoff from roads and structures,
leaking water pipes, and dust suppression activities. The volume of fluid
discharged to the vadose zone is poorly documented in most cases.

1.2. Goals and Objectives

The overriding objective of this treatability test plan is to provide a strategy to
evaluate specific vadose zone remediation technologies for technetium-99 and The objective
uranium including the appropriate laboratory, modeling, and field tests to address of this test p/an
deep vadose zone issues. Figure 1-3 shows the relationship between this is to pro vide a
treatability test plan and future remediation efforts. This effort, once sr eyt
implemented, will be used to support remedy selection and post-remedial decision staeyo
design, deployment, and operation of remediation technologies in the 200 Area, evaluate
include the following: specific vadose

" Remediation of contaminated soil and groundwater zone
* Closure of tank farms remediation
" Closure of cribs and trenches technologies

Decisions for contaminated deep vadose zone waste sites regulated under both including the
CERCLA remedial decision making and RCRA corrective action decision making appropriate
will be supported by this treatability test plan. As stated in Section 7 of the Tri- laboratory,
Party Agreement Action Plan, the CERCLA process is "functionally equivalent" modeling, and
to that of RCRA corrective action. Treatability test plan activities and subsequent field tests to
activities that will be performed to support deep vadose zone remedy selection
will satisfy the purpose of both statutory programs. Where CERCLA terms and tackle deep
processes are used in this document, they are also used to indicate equivalent vadose zone
terms or processes for the tank farm RCRA corrective action program. issues.

In situ treatment and surface barrier technologies offer promise for immobilizing
contaminants in place, minimize worker risk by eliminating the need to handle
waste materials, and do not transfer waste to another location where risks must be
managed (e.g., in a landfill). However, in situ technologies for application to the
Hanford deep vadose zone are not developed and tested sufficiently to enable an
adequate evaluation as remedial alternative. Thus, treatability testing is

1-3
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Figure 1-3. Relationship Between This Treatability Test Plan and Future Remediation Efforts.

warranted. Other technology options, such as deep excavation, may also be
suitable for application to the Hanford vadose zone. However, this treatability
test plan focuses on testing in situ treatment and surface barrier technologies.
Although, as outlined in this test plan, additional information about the in situ
technologies is needed to fully evaluate them for Hanford application, an initial
comparative analysis of a deep excavation approach and an in situ remediation
approach will be conducted to define the relative implementability, effectiveness,
and cost factors. This initial evaluation will provide a starting point for
subsequent evaluation of the in situ technologies as treatability test information is
collected. Deep excavation and other potential remediation technologies will also
be evaluated as part of future feasibility studies, as appropriate.

The major objective of this treatability test plan is to provide a strategy and a
framework to evaluate specific vadose zone remediation. technologies and
includes a comprehensive set of laboratory, modeling, and field tests to do so.
While the testing may include a field test at a specific waste site, characterizing
and remediating a waste site are not goals of this testing. The testing will be
conducted to obtain technical performance data for a technology and, thereby,
provide a technical basis to evaluate the technology as part of a remedy in
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subsequent remedial alternative assessments. The strategy focuses on testing the
most promising in situ treatment and surface barrier technologies as determined
based on several previous technology evaluation efforts at Hanford (refer to
Section 3) as a first step in considering technologies for the deep vadose zone.
These technologies have potential for use at Hanford as a component of a remedy
for the deep vadose zone. However, as described in this treatability test plan and
in the previous technology evaluation efforts, each of these technologies require
additional information prior to making decisions about their full-scale use at
Hanford.

As guidance for developing specific activities to evaluate technologies,
treatability testing objectives, and related decisions were defined. Table 1-1
shows the objectives and decisions for implementing deep vadose zone treatment
of technetium-99 and uranium and the type of data that will be collected through
treatability tests and related analyses to address these items. These items are
pertinent to Hanford in general, but are meant to be applied at the small scale test
site for treatability testing of a specific technology, not for waste site decisions.
Additional data elements may be added based on the results of initial treatability
activities.

The objectives of testing cannot all be addressed at one time. In the phased
testing approach, initial information will be obtained through laboratory and
modeling efforts. Data from field testing will then provide additional
information. The initial information from the field testing will primarily describe
the ability to implement and operate the technology to meet the operational goals.
Field test information about the ability of the technology to mitigate contaminant
migration will require longer-term monitoring. The scale of the initial treatability
testing described in the test plan is expected to be small compared to the size of a
waste site such that it would be difficult to observe the effects of the test in the
groundwater due to the contamination surrounding the test site. Thus, factors that
impact the long-term ability to control contaminant migration will be monitored
in the vadose zone to help assess longer-term performance. This type of
performance monitoring is similar to application of surface barriers where process
indicators must be used in the near term to predict long-term performance.

1-5
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Table 1-1. Treatability Test Objectives and Related Key Decisions.

Detailed
Primary Objective Outcome Sub-Objectives

Determine impact of Inclusion of Evaluate transport with no action
near surface conditions, surface elements (baseline)
natural recharge, and in design of deep Evaluate transport with
remediation activities vadose zone anticipated changes in surface
(e.g., surface barriers) remediation vegetation due to remediation
on deep vadose zone activities other than installation
contamination of surface barriers

Evaluate impact of surface
barriers on trnWort
Evaluate impact of episodic
events outside normal seasonal
variation on transport

Evaluate subsurface Design criteria to Evaluate impact of subsurface
properties and their address properties and heterogeneities for
impact on mechanisms subsurface soil gas flow
of deep vadose zone conditions Evaluate impact of subsurface
remediation properties and heterogeneities for

flow of aqueous solutions or
fluids other than soil gas
Evaluate magnitude and
longevity of reducing conditions
based on subsurface properties
Define solution chemistry of
pore water and evaluate impact

________________ ___________on vadose zone remnediation
Evaluate subsurface Design criteria to Define vertical and horizontal
contaminant and address extent of contamination and
moisture distribution subsurface elevated soil moisture
and their impact on conditions Define distribution of
requirements for deep contaminants and moisture in
vadose zone layers of differing properties
remediation

Define and quantify Technical Address current technical
mechanisms for vadose assessment of uncertainties for remediation
zone remediation remediation mechanisms

process Quantify stoichiometry, inetics,
effectiveness and or other key parameters for
implementability remediation. mechanisms

Define and quantify Technical Evaluate short-term impact of
impact of vadose zone assessment of remiediation on contaminant
remediation on remediation transport
subsurface conditions process Evaluate longevity of remedy
and contaminant effectiveness and and long-term impact of
transport over time implementability remediation. on contaminant

_____________ _________transport
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Table 1 -1. Treatability Test Objectives and Related Key Decisions. (page 2 of 2)

Detailed
Primary Objective Outcome Sub-Objectives

Assess technology Design Equipment and operational
implementability requirements for requirements to achieve

implementation necessary treatment effectiveness

Define cost factors for Cost analysis for Provide capital and initial
vadose zone specific operating cost estimates
remediation applications of Provide long-term operation and

vadose zone monitoring cost estimates
remediation

(1) Specific activities will be determined for each candidate technology based
on the multi-element, phased approach described in this test plan (Section 4)
and the technical uncertainties or data gaps associated with specific candidate
technologies.

1.3. Regulatory Context

Section 12 1(b) of CERCLA mandates that remedies "utilize permanent solutions
and alternative treatment technologies or resource recovery technologies to the Theatabifity
maximum extent practicable" and to prefer remedial actions in which treatment test p/an
that "permanently and significantly reduces the volume, toxicity, or mobility of activities that
hazardous substances, pollutants, and contaminants is a principal element." will be
Treatability studies provide data to support remedy selection and implementation. prom dt
Selection of remedial actions involves several risk management decisions. efredt
Uncertainties with respect to performance, reliability, and cost of treatment select a deep
alternatives underscore the need for well-planned, well-conducted, and well- vadose zone
documented treatability studies. remedy will

Treatability studies provide valuable site-specific data necessary to support satisfy the
Superfund remedial actions. They serve two primary purposes: (1) to aid in the purposes of
selection of the remedy, and (2) to aid in the implementation of the selected CEP CL A.
remedy. Treatability studies conducted during a remedial investigation/feasibility
study indicate whether a given technology can meet the expected cleanup goals
for the site and provide important information to aid in remedy selection.
Treatability studies conducted during remedial design/remedial action establish
the design and operating parameters necessary to optimize technology
performance and implement a sound, cost-effective remedy.

Site characterization and treatability investigations are two of the main
components of the remedial investigation/feasibility study process. As site and
technology information is collected and reviewed, additional data needs for
evaluating alternatives are identified. Treatability studies may be required to fill
some of these data gaps.

1-7
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In the absence of data in the available technical literature, treatability studies can
provide the critical perfonmance and cost information needed to evaluate and
select treatment alternatives. The purpose of a treatability investigation
performed prior to a record of decision is to provide the data needed for the

In the absence detailed analysis of alternatives during the feasibility study. The 1990 revised
of daa inNational Oil and Hazardous Substances Pollution Contingency Plan (NCP) (55
of daa inFR 8813), Section 300.430(e), specifies nine evaluation criteria to be considered

available in this assessment of remedial alternatives:
literature, 0 Overall protection of human health and environment
treatability 0 Compliance with applicable or relevant and appropriate requirements
studies can . Long-term effectiveness and permanence

provide the *Reduction of toxicity; mobility or volume through treatment

critical *Short-term effectiveness
*Implementabihity

performance *Cost

and cost *State acceptance
information *Community acceptance
needed to Treatability studies can generally provide data to address the first seven of these

evaluate and nine criteria.

select In addition to the technical and scientific value of conducting tests, EPA and
treatment Ecology have formally requested that DOE evaluate and test technologies for
alternatives. remediation. of deep vadose zone contamination. In a letter dated December 7,

2004 (Appendix A), EPA and Ecology requested that DOE ". ..develop a strategy
for improved methods to understand the nature and extent of vadose zone
contamination and to develop remedial options for addressing such
contamination..." specifically for technetium-99. The development of improved
methods for understanding vadose zone contamination is currently being
conducted through the individual waste site programs. Investigations of improved
remedial options has been addressed to date by evaluating treatment technologies
(e.g., CHG 2007) and conducting two technical workshops employing panels of
outside experts with input solicited from the regulatory agencies. These panels
evaluated the utility of employing electrical resistivity measurements to
characterize contamination in the deep vadose zone (FHI 2007), and examined
and assessed a number of potential treatment technologies for immobilizing
technetium-99 in the deep vadose zone (FHI 2006). Significant efforts in the
laboratory addressing the behavior of technetium-99 and the effect of specific
remediation techniques have and continue to be performed.

Making cleanup decisions for the deep vadose zone is fturther complicated by the
following factors:

*The TPA has administratively segregated the investigation and decision
making for source operable units from the groundwater operable units that
may be affected by those sources.
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* Deep vadose zone problems are distributed across many different waste
site operable units and tank farm waste management areas so there is not
currently a single investigation or decision process address this problem.

* Deep vadose zone contamination from multiple sources, operable units,
and areas under different regulatory authority is often commingled in the
subsurface.

0 The TPA calls for completion of pre-record of decision assessments for
waste sites and groundwater on the Central Plateau by December 3 1,
2011. It is unlikely that there will be sufficient information to make deep DOE, EPA, and
vadose remedy decisions by that time. Therefore, some deep vadose zone Ecology have
assessments and decision making are likely to extend well beyond this formned a Tni-
milestone. Prywr

* The schedule for addressing potential tank farm sources in the deep Prywr
vadose zone is many years later than other sources, which complicates group to
earlier remedy selection for contaminated groundwater. address the

As a result, DOE, EPA, and Ecology have formed a Tri-Party work group to regulatory and

address the regulatory and decision-making challenges. This work group is dhlneso-akn
known as the Deep Vadose Zone Strategy Working Group, and it is charteredchlegs
with developing a recommended approach for addressing deep vadose zone
investigations and decision making in an integrated manner. Part of the intent of
this work group is to better coordinate deep vadose zone investigations so that
there is time for incorporating results from this treatability test plan.

1.4. Participation by Regulators, Stakeholders, and Tribes

Throughout the course of development of this plan for technetium-99 and
uranium, informational meetings have been held with regulators, stakeholders,
Tribes, and State of Oregon Department of Energy to solicit input on its approach
and contents (Table 1-2). As portions of this plan are implemented (e.g.,
laboratory studies of specific remediation technologies), regulatory agencies and
stakeholders will continue to be fully informed and their input to the work will be
solicited. Any field work conducted under this plan will be guided by a work plan
approved by the regulatory agencies.

1.5. Test Plan Development Team

This plan has been written by a team with members from the DOE Richland
Operation Office and Office of River Protection, Fluor Hanford, Inc., Pacific
Northwest National Laboratory, and CH2M HILL Hanford Group, Inc. Fluor
Hanford, Inc. has been responsible for the overall integration and production of
this Plan.
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Table 1-2. Meetings in Which the Deep Vadose Zone Treatability Test Plan was Discussed.

Monthly

Deep Vadose Zone Deep Vadose Groundwater De aoeZn
Date Integrated Project Zone Strategy Meetings held at Deep adoseit Zoe

Team(a) Working Group (a) Washington TreatabWorst
Department of PlnWrso

______________ Ecology Facilities (b) _________

Nov. 13 2006 X ________ ________

Jan. 16 2007 X
Feb. 14 2007 X _________

Mar. 14 2007 X _______

Apr. 24 2007 X
May 15 2007 x
May 22 2007 X
Jul. 25 2007 X
Aug. 15 2007 X ________

Aug. 23 2007 ________ X
Oct. 4 2007 X _________

Oct. 17 2007 X
Feb. 7, 2008 x
Feb. 19, 2008 __________________________X

(a) Team includes representatives from DOE-RL, DOE-ORP, regulatory agencies, and contractors. Several
different integrated project teams have been formed to address various crosscutting issues at the Hanford
Site.

(b) Team includes representatives from DOE-RL, DOE-ORP, Tribal Nations, regulatory agencies,
contractors, and the state of Oregon.
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2.0. Considerations for Deep Vadose Zone Remediation

This section discusses the context for application of vadose zone remediation
technologies in the Central Plateau at Hanford by identifying technetium-99 and
uranium for initial treatability tests (Section 2-1), discussing relevant subsurface
conditions (Section 2-2), and describing the related uncertainties for application
of remediation technology (Section 2-3). Section 2-4 summarizes previous
technology evaluation efforts and identifies promising technologies that were
identified in those studies.

2.1. Contaminants

Characterization efforts in the Central Plateau have identified a number of
radiological and hazardous chemical contaminants in vadose zone soil at Hanford. Technetium -99
Tni-Party Agreement Milestone M-0 15-50 specifies that this treatability test plan and uranium
focus on remediation of technetium-99 and uranium. iformation obtained
through this effort can be used to evaluate remediation technologies potentially were identified
applicable to a wide range of deep vadose zone contaminants. Technetium-99 in the TPA
and uranium are long lived, have been identified deep in the vadose zone and, in milestone as the
several locations, have reached the aquifer and contaminated groundwater. There focus for this
are also a number of locations where significant inventories of these contaminants treatability
have been detected deep in the vadose zone but apparently have not reached
groundwater. test.

Technetium-99 is generally considered to have a partition coefficient near zero,
which means that it moves through the soil and groundwater with water and is not
retarded through interaction with the soil. The behavior of technetium-99,
therefore, is representative of other highly mobile contaminants, such as nitrate, in
remediation technologies that rely on physical sequestration or immobilization.

Unlike technetium-99, the extent to which uranium interacts (e.g., adsorbs) with
sediment particles depends on the chemistry of the environment (Zachara et al.
2007). The presence of uranium in the groundwater at several locations beneath
the Central Plateau is evidence that uranium and other compounds with similar
partitioning behavior can be transported through the vadose zone.

Both uranium and technetium-99 form compounds with transport properties that
differ depending on their oxidation-reduction state. As such, these compounds
are suitable to test technologies that can alter the oxidation-reduction conditions.

2.2. Subsurface Conditions

Current subsurface conditions have a significant effect on remediation technology
performance, yet currently are not sufficiently defined for application of in situ
remediation technologies. A brief description of the deep vadose zone beneath
the Hanford Central Plateau is provided here to summarize the key features,
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events, and processes that must be considered in applying deep vadose zone
Current remediation. A more in-depth discussion is included in Appendix C. However,
subsurface for detailed information and descriptions of the Hanford vadose zone the reader
conditions have should refer directly to the following reports:

a significant * Zachara, J.M., J.N. Christensen, P.E. Dresel, S.D. Kelly, C. Liu, J.P.
effet onMcKinley, R.J. Seine, W. Urn, and C.F. Brown. 2007. A Site Wide

reffeciton Perspective on Uranium Geochemistry at the Hanford Site. PNNL- 1703 1,
remedationPacific Northwest National Laboratory, Richland, Washington.

technology 0 DOE. 2007a. Remedial Investigation Report For The Plutonium/Organic-
performance, Rich Process Condensate/Process Waste Group Operable Unit: Includes The
yet currently 200-P W-1, 200-P W-3, And 200-P W-6 Operable Units. DOE/RL-2006-5 1,
are not U.S. Department of Energy, Richland Operations Office, Richland,
sufficiently Washington.
defined for 0 DOE. 2007b. Vadose Zone Modeling at the Hanford Site: Regulatory Criteria
application of in and Compliance for Risk Assessment Applications. DOE/RL-2007-34, Rev. 0.
situ remediation U.S. Department of Energy, Richland Operations Office, Richland,
technologies. Washington.

" Reidel, S.P. and M.A. Chamness. 2007. Geology Data Package for the
Single-Shell Tank Waste Management Areas at the Hanford Site. PNNL-
15955, Rev. 1, Pacific Northwest National Laboratory, Richland, Washington.

* Khaleel, R. 2007. The Far-Field Hydrology Data Package for the RCRA
Facility Investigation RFl Report. RPP-RPT-3 5222, Rev. 1, CH2M HILL
Hanford Group, Inc., Richland, Washington.

" Cantrell, K.J., J.M. Zachara, P.E. Dresel, K.M. Krupka, and R.J. Seine. 2007.
Geochemical Processes Data Package for the Vadose Zone in the Single-Shell
Tank Waste Management Areas at the Hanford Site. PNNL- 16663, Pacific
Northwest National Laboratory, Richland, Washington.

" Fayer, M.J. and J.M. Keller. 2007. Recharge Data Package for Hanford
Single-Shell Tank Waste Management Areas. PNNL- 16688, Pacific Northwest
National Laboratory, Richland, Washington.

* CHG. 2007. Central Plateau Vadose Zone Remediation Technology Screening
Evaluation. CH12M HILL Hanford Group, Inc. Richland, Washington.

* Ward, A.L., M.E. Conrad, W.D. Daily, J.B. Fink, V.L. Freedman, G.W. Gee,
G.M. Hoversten, J.M. Keller, E.L. Majer, C.J. Murray, M.D. White, S.B.
Yabusaki, and Z.F. Zhang. 2006. Vadose Zone Transport Field Study:
Summary Report. PNNL-15443, Pacific Northwest National Laboratory,
Richland, Washington.

0 Last, G.V., E.J. Freeman, K.J. Cantrell, M.J. Fayer, G.W. Gee, W.E. Nichols,
B.N. Bjornstad, and D.G. Horton. 2006b. Vadose Zone Hydrogeology Data
Package for Hanford Assessments. PNNL-14702 Rev. 1, Pacific Northwest
National Laboratory, Richland, Washington.
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"Kincaid, C.T., P.W. Eslinger, R.L. Aaberg, T.B. Miley, I.C. Nelson, D.L.
Strenge, and J.C. Evans, Jr. 2006. Inventory Data Package for Hanford
Assessments. PNNL-15 5829, Rev. 0, Pacific Northwest National Laboratory,
Richland, Washington.

* DOE. 2000. Phase I RGRA Facility Investigation/Gorrective Measures Study
Work Plan for the Single-Shell Tank Waste Management Areas. DOE/RL-99-
36, Rev. 1. U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

" Hartman, M.J. 2000. Hanford Site Groundwater Monitoring: Setting,
Sources, and Methods. PNNL-1 3080, Pacific Northwest National Laboratory,
Richland, Washington.

" DOE. 1999. 200 Areas Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program. DOE/RL-98-28,
Rev. 0. U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

The vadose zone is the region of the subsurface that extends from the ground
surface to the water table. The vadose zone beneath the Central Plateau ranges in
thickness from about 50 meters (164 feet) in the western portion of the 200 West The vadose zone
Area to 104 meters (341 feet) in the southern part of 200 East Area (Last et al.beatth
2006b). The geology and hydrology of the Central Plateau have been extensively beatth
studied because these areas are major historic sources of soil and groundwater Cen tral Plateau
contamination (Hartman 2000). ranges in

thickness from
The major stratigraphic units making up the vadose zone are listed below: --164 feet in the

" Surface wind-deposited sand and silt deposits
" Unconsolidated sand and gravel of the Hanford formation west to 341
" Silt and carbonate-cemented layers of the Cold Creek unit feet in the
" Semi-consolidated sand and gravel of the Ringold Formation south, and the

The stratigraphy varies significantly across the Central Plateau. The vadose zone vtairs
beneath 200 West Area consists of the Hanford formation, Cold Creek unit, and vre
Ringold Formation, whereas the vadose zone beneath 200 East Area consists significan tly
almost solely of the Hanford formation. A geologic cross section showing the across this
general stratigraphy through this region is shown in Figure 2-1 (Hartman 2000). area.

2-3



DOE/RL-2007-56, Rev. 0

E] Hanford formation

Rlngold FormaitenU Cold Creek Unit E]Gravel andI Sand

A E tRigeld Formation Columbt i e i/i. Inferred Faull A'
Mud Units BsishtGroup 0 1 2 3 4 5klmtr

240 r----10 1 2 3mls-0

~~Columbia FRve 60

120

~40

00

-40

Figure 2-1. Generalized West-to-East Geologic Cross Section through the Hanford Site
(after Hartman 2000)

The physical structure and properties of the geologic framework affect
contaminant movement and distribution within the vadose zone (DOE 1999c; Last
et al. 2006b; Reidel and Chamess 2007) and can have significant impacts on the
implementability and effectiveness of remedial technologies. Some of the
important subsurface features are the nature and degree of contrast between
sediment types and sedimentary features (e.g., silt lenses, buried soil horizons,
and clastic dikes). Figure 2-2 illustrates some of these important features of the
200 Area vadose zone.

Contaminants entered the vadose zone through a variety of liquid waste
discharges, solid waste burials, and unplanned releases (Gephart 1999). The
nature and extent of contamination within the vadose zone was affected by the
waste chemistry and type of release. Technetium-99 and uranium were carried
into the deep vadose zone due to their mobility and driving forces from previous
releases, as well as nearby water releases and natural precipitation events.
Technetium-99 and uranium may continue to migrate toward the groundwater
when present as a dissolved component of mobile pore fluids and driven by
infiltrating water.
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the aquifer. Disposal inventories (Kincaid et al. 2006; Corbin et al. 2005), depth
of contamination (DOE 2007c), and potential risk to groundwater (Eslinger et al.
2006), were evaluated to define the target problem sites to set the basis for
evaluating deep vadose zone remnediation technologies (see Appendix C). The
characteristics of these target problem sites were also used to assess technology
applicability and to identifyi suitable candidate sites for field testing components
of the treatability test.

The primary One of the primary resources used to evaluate potential target problems was an
processes analysis by Eslinger et al. (2006), which was conducted to better understand the

goveningflow relative threat to the unconfined aquifer from waste sites in the vadose zone of the
goveningf/ow Central Plateau region. Eslinger et al. (2006) used inventory, contaminant release

and transport into and from the vadose zone, and hypothetical concentrations in groundwater to
through the rank the threat posed to the aquifer by individual waste sites and groups of waste
vadose zone sites. Because remedial action decisions will be made for groups of sites, rather

depend on the than individual sites, Eslinger et al. (2006) grouped individual waste sites into 32
subsufacegroups that received similar waste and were located in the same geographic area.
subsufaceBased in large part on the analysis by Eslinger et al. (2006), supplemented by site

conditions and inventories and other information (see Appendix C), the target problem sites for
composition of technetium-99 and uranium were identified as follows:
the fluids that
occupy the pore Technetium-99 Target Problems

spaces BC cribs and trenches (e.g. 216-13-14, -18)
spaces. BY cribs and vicinity (e.g. 216-B-46, -49)

Remedlatlon * T Tank Farm and vicinity (e.g. 241-T-106)
techniques are * S/SX Tank Farms and vicinity (e.g. 241 -SX- 108)
based on
changing these Uranium Target Problem Sites
subsurface *200 East Ponds Region (e.g. 216-A- 19)

conditions to *U cribs (e.g. 216-U-8, -12, -1&2)
*B Plant cribs and trenches (e.g. 216-13-12)

either minimize *B, BX, BY Tank Farms (e.g. 241 -BX- 102)
the transport of *Plutonium-Uranium Extraction (PUREX) cribs and trenches (e.g. 2 16-A-
technetium-99 4, -3, -9)
and uranium or *Reduction and Oxidation (REDOX) cribs and trenches (e.g. 216-S-7, -1
enhance their and 2)

removal from the The Hanford formnation and Ringold Formation are considered the primary targets
vadose zone, for this treatability test plan, because these units make up the bulk of the vadose

zone beneath the Central Plateau. In the 200 East Area, the Hanford form-ation
comprises nearly the entire thickness of the vadose zone. In the 200 West Area,
the vadose zone includes the Hanford form-ation, Cold Creek unit, and Ringold
Formation. The Cold Creek unit is comprised of finer grained and semi-
consolidated layers that impact the flow and retention of pore fluids and
contaminants. However, the Hanford formation and Ringold Formation are the
most permeable materials for potential continued contaminant migration and are
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the most likely targets for deep vadose zone remediation. Thus, initial treatability
efforts focus on technologies appropriate to the Hanford formation and Ringold
Formation. Potential approaches for remediation specific to immobilization or
removal of contaminants in the Cold Creek unit are not specifically addressed, but
may be important as part of future efforts for areas where this unit is present.

2.4. Uncertainties Related to Deep Vadose Zone Remediation

One reason for performing treatability tests for technetium-99 and uranium is that One reason for
there are uncertainties with all of the in situ deep vadose zone remediation
technologies and for the impact of surface or near-surface remediation performing
technologies (e.g., surface barriers). These uncertainties have been described in treatabi/ity
previous technology reviews, in particular, the vadose zone technical team (FHI tests for
2006) discussed general and specific uncertainties that need to be considered prior technetium -99
to technology implementation. Based on these previous discussions, the key and uranium is
uncertainties that need to be addressed can be categorized as follows:ththe ar

1. Subsurface Conditions. Key elements of subsurface uncertainty include uncertainties
(1) geology and distribution/connectivity of layers with contrasting with all of the in
properties, (2) spatial distribution of moisture content and contaminants, siude
and (3) subsurface geochemistry and mineralogy. Each technology has a siude
range of sensitivity to these uncertainties leading to specific treatability vadose zone
test needs for each technology as is reflected in the multi-element phased remnediation
approach planned for the treatability testing (Section 4). technologies,

2. Remediation Effectiveness. The effectiveness of each technology
depends on the chemical or physical mechanism of the technology and the
subsurface conditions. Because the candidate technologies have either not
been tested or have only limited testing for deep vadose zone Hanford
conditions, the effectiveness is uncertain. The treatability testing will help
reduce these uncertainties and provide additional data that will be useful
for evaluating the effectiveness of each technology for Hanford
applications. Specific uncertainties that were considered the highest
priority to evaluate for each technology are discussed in Section 4.

3. Long-Term Effectiveness. Technologies based on contaminant
immobilization (i.e., versus removal or destruction of contamination) will
need to remain effective over long time periods due to the longevity of
technetium-99 and uranium. However, the long-term effectiveness of
these technologies is uncertain. Components of this type of uncertainty
include uncertainty in the longevity and long-term impact of (1) fluid
addition and removal on contaminant and moisture movement, (2)
geochemical conditions induced by technologies, (3) physical changes
induced by technologies, and (4) potential unintended impacts of
technologies. Long-term effectiveness of technologies is also affected by
the environmental conditions during the treatment time period. Thus,
remediation technologies must consider potential natural- or human-
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induced future changes in the environment that are outside the typical
seasonal variations and the uncertainty in how technologies will perform
under these potential extreme conditions.

4. Technology Implementation. Application of in situ technologies in the
deep vadose zone will require subsurface access and consideration of
surface infrastructure. Currently, only conceptual field designs for the
potential in situ technologies are possible based on existing data. Key
design factors such as well spacing, flow rates, and reagent quantities are
still uncertain. These factors will be considered for those technologies
selected for Phase 2 field demonstration efforts (see Section 4).

The treatability test approach was developed to include activities that identify
uncertainties and estimate their impact on technology implementation in the initial
phase of testing. Subsequent treatability activities include laboratory and field
testing to provide additional data needed to address these uncertainties so that the
technologies can be effectively evaluated for potential use for the Hanford target
problems identified in this treatability test plan (Section 2).

2.5. Subsurface Access

Characterization and remediation of the deep vadose zone depends on the ability
Characterization to gain access to the deep subsurface. The nature of the Hanford formation,
and remediation where unconsolidated sediments range from silt to cobbles, limits the type of
of the deep drilling techniques that can be used and necessitates the use of a temporary steel

vados zonecasing to keep the borehole open while drilling. Finished boreholes or wells must
vados zonebe fitted with a permanent casing that is sealed to the surrounding formation with

depends on the bentonite and/or cementaceous grouts. Drilling techniques are also limited by the
ablity to gain radiological contamination concerns at some locations. Coarse cobble to boulder
access to the sediments of the Hanford formation, and the semi-consolidated nature of the Cold

subsurace. Creek unit and Ringold Formation sediments, limit the depth of penetration for
deep direct push technologies (e.g., cone penetrometer). These constraints can affect

the cost of subsurface access and the usefulness of some characterization and
monitoring technologies (e.g., electrical borehole geophysical methods).
Table 2-1 lists the type of drilling and access technologies possible at Hanford
and the approximate maximum depth of installation in the vadose zone.
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Table 2-1. Potential Technologies to Access the Subsurface at the Hanford
Central Plateau

Approximate
TcnqeWell Diameter Maximum

Tecniuecentimeters (inches) Depth
meters (feet)

Conventional Drilling (e.g., cable-tool, air-rotary, sonic) up to 30 (12) full vadose zone
Driven Casing (e.g., Becker hammner) up to 15 (6) full vadose zone
Cone Penetrometer up to 5(2) -30(100)
Sonic Cone Penetrometer up to 5(2) -30(100)
Enhanced Access Penetration System (EAPS) up to 5 (2) -46 (150)
Geoprobe up to 5 (2) -6 (20)
Hydraulic Hammer Rig up to 8 (3) -60 (200)
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3.0. Evaluation of Technologies for Treatability Testing

Previous Hanford remediation technology studies were used as the starting point
for evaluating technologies for treatability testing to address contamination in the
deep vadose zone. Remediation technologies for metals and radionuclides (e.g., This
relevant to technetium-99 and uranium) in the vadose zone have been evaluated as treatability
part of these previous efforts. The 200 Area Remedial Investigation/Feasibility ts lnbid
Study Implementation Plan (DOE 1999a) listed potential technologies. A specific ts lnbid
technology study for the BC cribs and trenches was performed and followed by a on pre vious
thorough review of vadose zone technologies by a technical team composed of a studies to
group of outside experts (Fill 2006). Vadose zone technology information identify and
relevant to the Hanford Tank Farms has also recently been compiled (CHG 2007). e valuate
Surface barriers are recognized as potential key components of a remediation technologies for
approach for the vadose zone in all of these studies. A list of all the technologies rmdaino
included in the studies summarized above is included in Appendix B. rmdaino

the deep vadose
3.1. Identification of Candidate Technologies zone.

The previous studies identified and evaluated technologies for a specific
application defined in each study. The technologies identified in these studies as
being potentially applicable to remediation of the deep vadose zone at Hanford
are those most relevant for consideration in subsequent treatability testing for
technetium-99 and uranium. Thus, this treatability test plan uses the underlying
technology reviews from these documents to identify candidate technologies. In
situ treatment and surface barrier technologies offer promise for immobilizing
contaminants in place, minimize worker risk by eliminating the need to handle
waste materials, and do not transfer waste to another location where risks must be
managed (e.g., in a landfill). Other technology options may also be suitable for
application to the deep Hanford vadose zone. However, this treatability test plan
focuses on testing in situ treatment and surface barrier technologies. These
technologies are then further evaluated to select the priority technologies for near-
term testing. All of the technologies favorably evaluated in the previous studies,
including other technologies such as deep excavation that are not in situ
technologies, could be considered for future testing or additional evaluation and
would be included in any subsequent remedial alternative assessment.

3.1.1. Underlying Considerations in Technology Evaluation and Selection

There are several underlying considerations used in each of the previous studies
and for selection of candidate technologies for treatability testing. These
considerations are consistent with the focus of treatability efforts on the Hanford
formation and Ringold Formation and evaluation of the technologies based on
their ability to address the subsurface conditions (noted in Section 2.0).

First, in all of the previous studies, technologies requiring the addition of
significant amounts of water to the vadose zone were less preferred because of the
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potential for inducing uncontrolled migration of contaminants and difficulties in
controlling how added water moves through the vadose zone. Dry technologies
were preferred and carried forward to select appropriate technologies for
treatability testing. Soil flushing technology was also carried forward at the
request of regulatory agencies.

The nten of Second, several of the studies examined excavation-based technologies and
The nten of technologies that may be applicable to some limited extent in the vadose zone.

this treatabi/itY For instance, deep excavation, such as excavation with the use of caissons, may
test p/an is to be suitable if a contaminated zone of limited areal and depth extent is identified.
consider in situ However, the intent of this treatability test plan is to consider in situ technologies

technologies that do not have depth limitations. The exception to this bias toward in situ
that o nothave technologies is the inclusion of surface barriers. Surface barriers are a baseline
that o nothave technology likely important to future remediation efforts in the Central Plateau.

depth Although these barriers are applied at the surface, their effectiveness at reducing
lmitations, infiltration extends into the vadose zone. For this reason, they are considered an

important component of remediating the deep vadose zone either alone or in
conjunction with in situ technologies. This test plan focuses on determining the
impact of surface barriers in the deep vadose zone and is intended to complement
ongoing studies related to other design and performance aspects of surface
barriers.

PreviousThird, there are ongoing efforts to examine remediation technologies at the
PreviousHanford Site, including studies of uranium at the groundwater/vadose zone

technology interface and the groundwater in the shallower Hanford 300 Areas. The DOE
reviews and this EM-20 program has also initiated several projects relevant to remnediation of
treatabi/ity test radionuclides in the deep vadose zone. These efforts may potentially be relevant
p/an focus on to the Hanford Central Plateau and, therefore, the ongoing development and

evalatio ofdemonstration efforts at Hanford and within the DOE are recognized in this test

individualpln
technologies. Finally, it is recognized that the previous technology reviews and this treatability
Each of these test plan focus on evaluation of individual technologies. Each of these candidate
technologies technologies might be combined with other technologies as part of a remedial

might bealternative. However, the treatability test plan focuses on testing technologies not
might befull remedial alternatives. The performance of an individual technology needs to

combined with be evaluated to assist in later determinations of how or whether it should be
other combined with other technologies within a remedial alternative to meet the
technologies as remediation objectives for a specific application.
part of a 3.1.2. Potential Technologies and Evaluation
remedial
alternative. The technologies selected for inclusion in this plan are listed below with a brief

description and reference to the specific previous study that identified the
technology. These candidates were selected as those technologies that were
favorably evaluated in a previous study for application to the vadose zone.
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Each of the technologies listed was considered as a potential candidate for further
treatability testing. Previous evaluations considered technology implementability,
effectiveness, and cost for the specific applications targeted in the previous
studies. Some of the technologies were identified in one of the previous studies,
but eliminated in others.

Technologies based on gas-phase advection/delivery may be preferred for vadose
zone treatment at Hanford due to (1) the depth and areal extent of vadose zone
contamination at Hanford, (2) the relatively high permeability material and low
moisture content associated with a large portion of the vadose zone (especially the
Hanford formation), and (3) the risk that water added to the vadose zone may
unintentionally move contaminants into the groundwater. Four of the candidate
technologies use, or can use, gas-phase advection/delivery as the mechanism for
implementing them in the vadose zone: desiccation, in situ gaseous reduction,
multi-step geochemnical manipulation, and nanoparticles.

3.1.2.1. Desiccation

Desiccation involves drying a targeted portion of the vadose zone by injecting dry
air and extracting soil moisture at soil gas extraction wells. Because desiccation Removing water
removes water already in the vadose zone, it reduces the amount of pore fluid from the vadose
available to support downward transport of contaminants in the deep vadose zone, zone via
impedes water movement, and augments the impact of surface water infiltration desiccation is
control. A very limited desiccation test showing that subsurface air flow can be poiig
induced in the Central Plateau vadose zone has been performed in conjunction poiig
with a leak detection test (Cameron et al. 2002). Thus,

desiccation is
The impact of desiccation on the movement of technetium-99 and uramium is included for
based on physical removal of water from the subsurface. Removing water from further study
the vadose zone via desiccation is promising. However, there are uncertainties
with desiccation related to specific aspects of implementation and long-term
effectiveness as described in more detail by the vadose zone technical team (FHI
2006). In spite of these uncertainties, desiccation was recommended by the
technical team as a promising technology that should be considered for field
testing Thus, desiccation is included for further study in the treatability test plan.

3.1.2.2. In Situ Gaseous Reduction

A reducing gas (e.g., hydrogen sulfide) can be used to directly change the In situ gaseous
oxidation state of some contaminants and render them less soluble while they reduction has
remain reduced or can change the oxidation state of sediment-associated iron, been
which can subsequently reduce contaminants. successfully

In situ gaseous reduction has been successfully demonstrated for shallow vadose demonstrated
zone remediation of chromate. Technetium-99 and uranium can be reduced and and is included
precipitated through in situ gaseous reduction, although uncertainty remains for further
regarding the stability of the precipitate. Because in situ gaseous reduction has testing.
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the potential to immobilize technetium-99 and uranium and has been
demonstrated at the field scale for similar applications, it is included for further
study in the treatability test plan.

3.1.2.3. Multi-Step Geochemical Manipulation

Use of geochemnical manipulation (termed "perturbation geochemistry" in the
vadose zone technical team report, FHI 2006) is in the developmental stage. The
technique involves introducing gases to the vadose zone that induce Eh and/or pH

Mu/ti-step changes and create conditions for precipitation of minerals (e.g., carbonates) with
geochemical co-precipitation of contaminants. The co-precipitated contaminants are then less

man~platlo can available for migration (FHI 2006; CHG 2007).

be used to Geochemnical manipulation such as employed by in situ gaseous reduction could
create be enhanced to provide more stable precipitates through use of multiple
conditions to geochemnical manipulation steps. While this multi-step process is still conceptual,
co-precIpitate it builds on the successful development and demonstration of in situ gaseous

contaminants reduction and provides a potential for more effective immobilization of
contaminants such as technetium-99 and uranium. Thus efforts to further evaluate

with minerals multi-step geochemnical manipulation are included in the treatability test plan.

3.1.2.4. Nanoparticles

Distribution of Nanoscale-size particles are under development that have surface chemistry
properties and large surface areas purposely designed to sequester selected metals

nanoparticles is and radionuclides (CHG 2007).
in the
conceptual Distribution of nanoparticles in the deep vadose zone is still in the conceptual
phase and is not phase. Dispersal of particles at scales relevant to Hanford is potentially

included for problematic. Thus, nanoparticles efforts are not initially included in the
treatability test plan. Pending the results of technology development efforts,

further testing nanoparticles could be considered for future efforts.

3.1.2.5. Electrokinetics

Ele ctrokine tics Electrokinetic remediation is a process in which a low-voltage direct-current (DC)
is not included electric field is applied across a volume of contaminated soil between electrodes

for frtherinserted into the soil. Under the influence of a DC field, contaminants can be
fortfurtheras moved toward an electrode and then recovered (CHG 2007).

it is not Electrokinetics has been applied at other sites for moving contaminants to a target
effective in dry zone where they can be extracted by other means. Electrokinetics was eliminated

soil in previous technology (FHI 2006) because it is not effective in dry soils and
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implementability will likely be poor for a thick vadose zone and technetium-99
and uranium. Key problems for electrokinetics include uncertainty of unintended
consequences induced by concentrating contaminants and water in a small area of
the vadose zone, limited zone of influence for the electrodes, and applicability
limited to fine-grained layers with relatively high moisture content. Because of
these significant potential problems, electrokinetics is not included for treatability
testing. However, electrokinetics could be considered for specific applications as
part of other efforts. For instance, electrokinetics may be considered for
application in the Cold Creek unit.

3.1.2.6. Grout Injection Technologies

Grout injection addresses subsurface contaminants by injection of a grout or 6otn
binding agent into the subsurface to physically or chemically bind or encapsulate thoi s
contaminants. There are multiple types of grout/binding materials and tcnlge
emplacement techniques that have been developed and demonstrated have the
(CHG 2007). po tential for

Grout injection technologies using multiple types of grouting materials have been reediatof
applied and are currently undergoing testing for in situ contaminant stabilization e dito

at other sites. Likewise, more standard grouting techniques may also potentially strategy and
be useful for selected applications. There are significant uncertainties with use of are included for
grouting for in situ contaminant stabilization, especially for the deep vadose zone further testing.
as discussed by the vadose zone technical team (FHI 2006). However, because
grouting technologies have the potential for use as part of a remedy for the deep
vadose zone, further efforts to evaluate the performance of grouting technologies
are included in the treatability test plan.

3.1.2.7. Soil Flush' g

Soil flushing operates through addition of water, and an appropriate mobilizing Soil flushing
agent if necessary, to mobilize contaminants and flush them from the vadose zone pro vides a
and into the groundwater where they are subsequently captured by a pump-and- potential
treat system (CHG 2007). mechanism to

There are significant uncertainties for implementation of soil flushing in the deep remo ve
vadose zone related to understanding and controlling flow paths for water added contaminants
to the vadose zone and providing effective capture of flushed contaminants in the fromn the
groundwater. However, soil flushing provides a potential mechanism to remove subsurface and
contaminants from the subsurface. Efforts are needed to determine whether it is
feasible to implement soil flushing in a way that minimizes these uncertainties for is included for
applications to the deep vadose zone. Thus, further evaluation of soil flushing is further testing.
included in the treatability test plan.
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3.1.2.8. Surface Barriers

Reduction of surface water infiltration by surface barriers reduces the hydraulic

Treafailitydriving force for contaminant migration. The Hanford Prototype Barrier was
Treaabi/ty- installed in 1995 and has a significant amount of monitoring data available. A

testing of polyurea barrier is being constructed at the 241 -T- 106 site as of December 2007.
surface The impact of surface barriers has also been simulated in several modeling studies
barriers is (FHI 2006; CHG 2007).
warranted to Surface barriers are a baseline technology for near-surface contamination and
assess their previous technology screening studies identified surface barrers as a promising
role in technology for the deep vadose zone. Installation of a surface barrier specifically
remediation of for the deep vadose zone testing is envisioned as beyond the scope of this
deep vadose treatability test plan. However, there are three surface barrier applications at

zone Hanford with ongoing or planned monitoring that will provide data useful for
zoneaiato evaluation with respect to the deep vadose zone. These barriers include the

contminaion, prototype Hanford Barrier constructed over the 216-B-57 crib, the polyurea
baffler at the 241 -T- 106 site, and the surface barriers planned for the 216-U-lI
Operable Unit. Testing of surface barriers is warranted to assess their role in
treating deep vadose zone contamination.

3.1.2.9. Monitored Natural Attenuation

The EPA Office of Solid Waste and Emergency Response through Directive
9200.4-17P (EPA 1999) recognizes that natural attenuation processes may limit
migration of contaminants through the subsurface and constitute all or part of a
remedy.

While there is not a specific evaluation of monitored natural attenuation underway
for technetium-99 and uranium in the vadose zone at Hanford, there are ongoing
field monitoring, characterization, laboratory, and modeling activities that are
providing infonmation necessary to understand and predict the fate and transport
of contaminants through the vadose zone and groundwater. These efforts related
to monitored natural attenuation are by nature site-specific and are not explicitly
included as part of this treatability test plan. However, environmental monitoring
and site characterization data from field test sites will be used to evaluate the
effectiveness of monitored natural attenuation as compared to that of the tested
technology.
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3.1.3. Technologies Selected for Treatability Testing

Summarizing the discussion in the sections above, the following technologies
were selected for inclusion in the treatability test plan:

1. Desiccation
2. In Situ Gaseous Reduction
3. Multi-Step Geochemical Manipulation
4. Grouting Technologies
5. Soil Flushing
6. Surface Barriers

3.2. Description of Related Efforts at Hanford and
Within DOE

Ongoing DOE and Hanford activities are investigating the basic scientific Tetblt
understanding needed to develop remediation technologies. The methods and Tetb/t
approaches for these investigations are defined through other projects and will not testing will be
be provided as part of this treatability test plan. However, the information coordinated
obtained from these activities will be considered as part of the evaluation process with other
for the deep vadose zone treatability test project as described in the followingonig
paragraphs. The process for coordinating activities conducted under this planonig
with other initiatives is described in Section 4. in vestiga tions a t

the Hanford
Uranium Treatability Testing in the 300 Area. The 300 Area Uranium Plume site.
Treatability Demonstration Project is evaluating the use of polyphosphate
infiltration either from ground surface or some depth of excavation to stabilize in
situ uranium within the deep vadose zone and the capillary fringe (i.e., zone of
water-table fluctuation) above the 300 Area aquifer. The polyphosphate
technology was selected for further testing during the 300-FF-5 Phase III
Feasibility Study technology screening process. Source treatment in the vadose
zone has been shown to accelerate the attenuation of uranium to uranium- The use of
phosphate minerals, enhancing the performance of the polyphosphate treatment polyp ho sphate
within the 300 Area aquifer. Data obtained from this study will be used toinltaono
develop implementation cost estimates, identify implementation challenges, and inltaono
investigate the ability of the technology to meet remedial objectives. This treat uraniumn
information will be used to establish the viability of the method and determine contamination Is
how best to implement the technology in the field. being

The first phase of the uranium plume treatability demonstration project was a in vestiga ted at
study to integrate site-specific characterization data with laboratory testing to the 300 Area.
optimize the polyphosphate amendment for implementation of a field-scale
demonstration of the technology (Wellman et al. 2006). The second phase of the
treatability demonstration is bench scale and field scale treatability testing
designed to evaluate the efficacy of using polyphosphate injections to reduce
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uranium concentrations in the groundwater to meet federal maximum contaminant
levels (30 [tgL) in situ (Vermeul et al. 2007).

DOES The overall objectives of the treatability test include the following:
Integrated
Field Research 0 Conduct a polyphosphate injection to evaluate reduction of aqueous
Center is uranium concentrations and to determine the longevity of the treatment
Investigating zone.

the poceses 9Demonstrate field-scale application of polyphosphate injections to identify
the rocesesimplementation challenges and evaluate whether a full-scale deployment

that control is feasible.
natural * Determine the number of wells, reagent concentrations, volumes, injection
attenuation and rates, operational strategy, and longevity for polyphosphate injections to
engineered remnediate uranium such that costs for larger-scale application can be

remediation at a effectively estimated.

site in the 300 300 Area Integrated Field Research Center. The 300 Area Integrated Field
Area Research Center is a DOE-funded field site to support research on multi-scale
contaminated mass transfer processes controlling natural attenuation and engineered
with uranium. remediation. This center is studying the 300 Area uranium plume, but the

outcomes will likely be applicable to uranium in the Central Plateau and to
physical, chemical, and microbial processes influencing remediation of other
contaminants. The research focuses on accurate prediction of dissipation times
for groundwater plumes of sorbing contaminants, optimal delivery of remediation
reactants, and the effectiveness of remediation technologies.

The center will provide new experimental and field data to understand the
controls on uranium distribution, to investigate microbial processes that influence
phosphate barrier performance and longevity, and to improve models of reactive
transport in the subsurface. The results will be transferred for input to
remediation decisions and deployment.

Technetium-99 and Uranium Remediation Research. A number of projects

Some f the under the DOE Environmental Remediation Sciences Program are studying
Some f the technetium-99 and uranium remediation. Many of these efforts focus on

D'OE biologically mediated reactions. Technetium-99 remedial alternatives for the
Environmental deep vadose zone are less well developed than those for uranium. This is due, to
Remediation some extent, to the challenging geochemical properties of technetium-99. Under
Science oxidizing conditions the Tc(VII) forms anionic pertechnetate ion and is highly

mobile in the subsurface. Under more reducing condition technetium-99 is
Program studies present in a Tc(IV) cationic form that is more strongly sorbed to sediments.
focus on However, the reduced Tc(LV) is apparently readily re-oxidized to pertechnetate.

remediation Several Environmental Remediation Science Program research projects includedremedltion. in the 2007 DOE Environmental Remnediation Sciences Program integration
meeting are of note for developing deep vadose remedial alternatives. Although
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lessons can be extracted from these studies, considerable work needs to be done
before they can be considered at Hanford.

* One particularly novel approach to biological sequestration of uranium is
being researched by Mark Conrad and coworkers at Lawrence Berkeley
National Laboratory. This approach uses gas-phase introduction of
triethyl phosphate to stimulate microbial precipitation of uranium (and
strontium) bearing phosphate minerals.

* Patricia Sobecky and coworkers at Georgia Institute of Technology are
investigating the immobilization of uranium through microbial mediated
precipitation of phosphate minerals. Their research is focusing on two
bacterial strains isolated from the DOE field research center in Oak Ridge,
Tennessee.

* Kathryn Nagy and coworkers from the University of Illinois and Argonne
National Laboratory are investigating the formation kinetics of uranium-
bearing low temperature silicate minerals.

* Peter Jaff6 and others at Princeton University are investigating the
reoxidation of uranium after biological precipitation. This is important for
evaluating the long-term effectiveness of bioremediation.

* Pacific Northwest National Laboratory (PNNL) workers, led by Alexander
Beliaev, are investigating uranium and technetium-99 reduction by
bacteria. Their goal is to characterize the metal respiratory system on a
genomic scale.

* A team at Georgia Tech University, led by Thomas DiChristina, is
investigating uranium and technetium-99 reduction mechanisms by
Shewanella bacteria.

* Jim Fredrickson and others at PNNL are also investigating Shewanella
reduction of uranium and technetium-99. They are evaluating the
reduction mechanisms and the reactivity of the contaminants.

* Jack Istok and coworkers at Oregon State University are developing a
thermodynamic network model to predict how substrate additions and
environmental perturbations affect the composition and stability of
subsurface uranium and technetium-99 reducing microbial communities.

Technetium-99 Rem ediation Technology Demonstration. The DOE Advanced
Remediation Technology Program has funded a project to demonstrate the ability
of a bioremediation method to immobilize technetium-99 in the groundwater.
The contractor, ARCADIS U.S., Inc., will be testing their Enhanced Anaerobic
Reductive Precipitation/Enhanced Reductive Dechlorination technology in the
200-UP-i1 Operable Unit, near S-SX Tank Farms.
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During the test, a food-grade carbohydrate substrate will be injected into
,During tests groundwater to alter the microbial population, precipitate metals, and enhance the
near the 5-5X biological and abiotic degradation of chlorinated aliphatic hydrocarbons.

7-an Fars, a Additional ferrous iron and sulfate may be added with the carbohydrate to the
Tank Farms, subsurface to generate iron sulfide minerals that co-precipitate, sorb, and/or

food-radeencapsulate the metals to protect them from re-oxidation. The goals of the test
carbohydrate are to:
substrate will
be injected into 0 Demonstrate effective distribution of reagents to the targeted aquifer

groundwater to 0 Demonstrate that reducing biogeochemnical conditions (i.e., sulfate reducing)
alte thecan be induced and sustained for a treatment period (i.e., 18 months to
alte the2 years)

microbial * Demonstrate that the concentrations of key contaminants in the groundwater
population and are decreased to below treatment goals in 2 years or less in the reactive zone
precipitate 0 Demonstrate that the precipitated radionuclides and metals remain in insoluble
m etals forms

0Show that secondary water quality impacts of the Environmental Remediation
Sciences Program technology are limited downgradient of the reactive zone

A combination of groundwater monitoring before, during, and after treatment
along with soil sampling for metal/radionuclide speciation and concentration or
activity will be used to demonstrate that the goals have been achieved.

The objective DOE EM-20 Roadmap Projects. The DOE Office of Environmental
Management (EM) established the DOE-EM Engineering & Technology Program

of the bOEM4 to provide applied research and engineering support to the cleanup mission. The
Engineering cd objective of the DOE-EM Engineering & Technology Program is to reduce the
Technology technical risk and uncertainty in the DOE's clean-up programs and projects. The
Program is to Engineering & Technology Program efforts are organized using a roadmap

reduc theapproach that documents and identifies the engineering and technical risks the
reduc theDOE-EM program faces over the next ten years, the strategies DOE-EM will use

technical risk to minimize these risks, and the planned outcomes of implementing those
and uncertainty strategies.
in £DOEs clean-
up programs and Strategic initiatives that address key technical risk and uncertainty in the DOE-

projcts.EM program have been developed from the roadmap. The initial efforts are being
projcts.directed toward the following program areas:

" Waste Processing
" Groundwater and Soil Remediation
* Deactivation and Decommissioning (D&D) and Facility Engineering

Strategic Initiatives
* Integration and Crosscutting Initiatives

Strategic initiatives within the Groundwater and Soil Remediation Program (EM-
22) and Crosscutting Program described in the roadmap are potentially relevant to
deep vadose remediation at Hanford. Roadmap projects for groundwater and soil
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remediation that were initiated in FY 2007 are listed below. The specific scope
and schedule of these efforts is contingent on program budgets that have not yet
been established.

" Scientific and Technical Basis for In Situ Treatment Systems for Metals
and Radionuclides

* Scientific Basis for Attenuation Based Remedies for Metal and
Radionuclide Contaminated Groundwater

" Develop Advanced Fate and Transport Models - Conceptual and
Numerical Model Development for High-Risk Contamination and Site(s)

" Idaho Sr-90 Immobilization / Uncertainty Reduction Project (Advanced
Strategies for Monitoring and In Situ Remediation of Sr-90)

" Demonstrate Methods to Reduce Transport Rate of Chlorinated Organics
through the Deep Vadose Zone

* Enhanced Attenuation for Chlorinated Solvents Technology Alternative
Project

* Develop Next Generation Characterization Technologies and Strategies
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4.0. Treatability Test Approach

This section provides a description of the overall approach for testing all of the
selected technologies. Additional information is also provided in appendices
about specific activities planned for testing focused on technetium-99 and
uranium. Testing of the desiccation technology will occur first as described in
Appendix D, with an initial emphasis on technetium-99 contamination.
Desiccation testing is also relevant to other contaminants and will provide key
information about applying a gas-phase technology in the vadose zone at Hanford.
In parallel with these efforts, testing of reactive gas technology will be conducted
as described in Appendix E, with an initial emphasis on uranium contamination.
Testing of reactive gas technology is initially focused on laboratory and modeling
efforts and will use information gained during desiccation testing to guide
subsequent field testing efforts as appropriate.

A multi-element approach was selected because potential technologies are atA utelmn
different stages of development, and there are several categories of remediation Am/tel en
approaches that require somewhat different types of assessment. Additionally, approach was
selection of an appropriate field testing site is linked to the need for demonstrating selected
a specific technology, the risk associated with the field demonstration, and the because
relevance to high priority target site vadose zone problems. The multi-element potential
approach to address these treatability testing needs is depicted in Figure 4-1. Note technologies are
that this approach includes plans for field testing at sites contaminated with
technetium-99 and uranium. The approach includes two primary phases. The at different
first phase focuses on conducting laboratory work and modeling to understand stages of
uncertainties of each technology. Field testing is planned as Phase 2 of the development,
treatability test plan if supported by results from Phase 1. and there are

Table 1-1 summarizes the treatability test objectives and related key decisions several
addressed in this document. The flow chart in Figure 4-1 provides an overview of categories of
the type of efforts that are planned for these technologies. The flow chart depicts remediation
the previous technology evaluation efforts and the treatability test plan evaluation approaches that
at the right side of the chart. Next, Phase 1 efforts are planned to refine the require
scientific and technical information for the selected technologies through
laboratory, modeling, and field parameter measurement activities. The Phase 1 somewhat
efforts feed into a re-evaluation of the technologies for deep vadose zone different types
application (see Section 4-3). This evaluation is the basis for selecting of assessment
appropriate technologies to move into the Phase 2 field testing effort. Based on
the results of previous efforts (e.g., those described in Section 3-2), gas-phase
technologies (Desiccation, In Situ Gaseous Reduction, and Multi-Step
Geochemical Manipulation) are a key focus of treatability test efforts and,
therefore, the flow chart includes more information about these Phase 2 field
efforts.

In the phased testing approach, initial information will be obtained through
laboratory and modeling efforts. Data from field testing will then provide
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additional information. The initial information from the field testing will
primarily describe the ability to implement and operate the technology to meet the
operational goals. Field test information about the ability of the technology to
mitigate contaminant migration will require longer-termn monitoring. The scale of
the initial treatability testing described in the test plan is expected to be small
compared to the size of a waste site such that it would be difficult to observe the
effects of the test in the groundwater due to the contamination surrounding the
test site. Thus, factors that impact the long-term ability to control contaminant
migration will be monitored in the vadose zone to help assess longer-term
performance. This type of performance monitoring is similar to application of
surface barriers where process indicators must be used in the near term to predict
long-term performance.

The teafablity While the flow chart shows the test elements planned for the selected

Tteatabit technologies, there will be overlap for some of these elements depending on the
testingneeds for each technology. The treatability test plan schedule (Section 6)

culminates in a describes the anticipated sequence and overlap of activities that are planned to
performance support near term operable unit needs (e.g., the 200-BC- I Operable Unit) and
evaluation. The recognizes the need for a multi-year effort to support longer-term needs.

goal of the The elements of the flow chart in Figure 4-1 are described in the following
performance paragraphs. Additional detail for the Phase 1 assessment elements is provided in
evaluation will Section 4.2. The technology selection and evaluation using the results of Phase 1
be to define any efforts is fturther described in Section 4.3. The Phase 2 field testing is further

additional described in Section 4.4. The treatability testing culminates in a performance
action thatevaluation. This evaluation will be a comparative analysis from the data and
action thatinformation compiled in each of the elements of the treatability testing. The goal

may be needed of the performance evaluation will be to define any additional actions that may be
and to pro vide needed and to provide information about deep vadose zone remediation relevant
information for use in remedy selection and implementation processes. Additional detail for

aboutdeepthe performance evaluation element is provided in Section 5. Candidate field test
about de sites will be evaluated and selected as shown in Figure 4-1. Section 4.1 describes

vados zonethe candidate field test sites identified for this treatability test plan.
remediation
that may be For the gas-phase technologies (desiccation, in situ gaseous reduction, and multi-
rele van t for use step geochemical manipulation), the approach involves a Phase 1 assessment of
iselecting and the candidate technologies considering the results of previous studies and existing

in vadose zone property data, laboratory assessment of technical uncertainties as
Implementing a identified by the vadose zone technical team (FHI 2006), and modeling to
remedy evaluate conceptual implementation strategies. The Phase 1 assessment will be

used to determine the effectiveness, implementability, and cost of candidate
technologies for the targeted applications and to select the most appropriate
technologies for initial field testing in Phase 2. If modeling and laboratory data
indicate that the risk of unintended consequences for a technology application is
high, initial field treatability testing will be at a clean site (e.g., the Sisson and Lu
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site). If the risk of unintended consequences is deemed to be low, field
treatability testing will be conducted at a contaminated site.

To support the near-term need of providing technology information to the 200-
BC-i feasibility study, efforts for gas-phase technologies (desiccation, in situ
gaseous reduction, and multi-step geochemical manipulation) will focus on
technetium-99 and are scheduled to provide initial laboratory, modeling, and field
data in a report prior to the milestone date for the 200-BC-i feasibility study (see
schedule in Section 6). Longer-term efforts related to technetium-99 will also be
initiated and carried forward to support 200-BC-i remedial design and other
remedy selection and implementation activities as appropriate. Appendix D
contains a more detailed description of a test for desiccation with specific
application to technetium-99. Additional efforts for gas-phase technologies will
include assessment for application to uranium sites targeted at the potential for
conducting a field test in the 200 B Area in fiscal year 2010. Again, longer-term
efforts related to uranium will also be initiated and carried forward to support
feasibility study and remedial design activities at operable units as appropriate.
Appendix E contains a more detailed description of a test focused on uranium.

Grouting and soil flushing technologies will be evaluated for effectiveness,
implementability, and cost for the targeted applications primarily using existing
technology information and modeling.
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The approach for surface barriers will be to examine existing surface barrier Tefetblt
evaluation and monitoring efforts at Hanford (e.g., the Hanford Barrier, interim T Tetetblt
Tank Farm barrier) and identify any additional monitoring necessary to assess the testing efforts
effectiveness of the barriers for deep vadose zone contamination. A surface will include
barrier plan for these efforts will be prepared. The additional monitoring coordination
activities will be implemented to collect data specific to the deep vadose zone and with other
to support modeling evaluations.scee n

The efforts to advance our knowledge about the deep vadose zone include (1) technology
Hanford technetium-99 and uranium investigations; (2) ongoing science and programs so
technology efforts funded through DOE's Engineering and Technology (EM-20) that rele van t
program; (3) Environmental Remediation Science Program; and (4) otherreutae
programs. The treatability testing efforts will include coordination with thesereutae
science and technology programs so that relevant results are included in the included in the
ongoing assessment of deep vadose zone technologies, ongoing

assessment of
4.1. Potential Field Test Sites deep vadose

This section uses the information presented in Section 2-3 to identify candidate zone
field test sites for the anticipated field treatability testing of in situ gas-phase technologies.
technologies for technetium-99 and uranium. Identification and evaluation of
potential sites began with a list of the sites identified as having the greatest
inventories of technetium-99 and uranium and having the greatest potential for
future releases to the groundwater (see Section 2-3 and Appendix C).

Given the administrative and operational requirements of working within the tank
farms, those particular sites were given a lower preference as candidate sites. Identification
Likewise, solid waste burial sites were given a lower preference due to their lack and e valua tion
of characterization, perceived difficulties in implementing the candidate of potential
technologies (due the presence of buried waste), and the lack of identified deep sites began with
contamination. Those sites remaining as preferred candidate sites were thenalitoth
evaluated relative to their geographic location and hydrogeologic conditions. asis ofin the

Finally, the potential candidate sites were then evaluated for their quantity and greatest,
quality of characterization data, with preference given to waste sites identified as inventories of
"trepresentative sites" for the waste site operable units, and/or where opportunities technetium -99
exist to leverage the work being done for other programs (i.e. piggyback with and uraniumn and
other characterization or technology demonstration work). Based on this
evaluation process, potential technetium-99 and uranium sites were identified as having the
shown in the following sections. Pending favorable results of initial field testing, greatest
similar process will be used to identify a more complex site for subsequent field po ten tial for
testing. future releases

Field testing is also included as part of this treatability test plan for assessing the to the
impact of surface barriers on the deep vadose zone. There are three surface groundwater
barrier applications at Hanford with ongoing or planned monitoring that can
potentially be configured with additional monitoring to provide data useful for
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evaluation with respect to the deep vadose zone. These include the Hanford
Barrier at the 216-B-57 site, the polyurea barrier at the 241 -T-1 06 site, and the
planned surface barrier at the 21 6-U-8 site. Thus, these sites are all candidates
where existing efforts can be leveraged with additional monitoring efforts to
obtain data relevant to the effectiveness of surface barriers for the deep vadose
zone.

4.1.1. Candidate Sites for Technetium-99 Technologies

* Southern 200 E (A Area)
- BC cribs and trenches (216-B-26, 216-B-14 thru -18)
- C Tank Farm and vicinity

" Northern 200 E (B Area)
- BY cribs and vicinity (21 6-B-46)

" Southern 200 W (S Area)
- U cribs (216-U-1 and -2,216-U-8)

* Northern 200 W (T Area)
- TY cribs and vicinity (216-T-26)
- T Tank Farm and vicinity (241-T-106)

4.1.2. Candidate Sites for Uranium Technologies

* Southern 200 E (A Area)
- 200 East Ponds Region (216-A- 19)
- PUREX cribs and trenches (21 6-A-4)

" Northern 200 E (B Area)
Phase 1 - B Plant cribs and trenches (216-B-12)
assessment - BX TanlkFarmn(241-BX-102)

activities 0 Southern 200 W (S Area)

primarily Involve -U cribs (21.6-U-8, -12, -1 and -2)
laboator, -REDOX cribs and trenches (2 16-S-7, -1 and -2)

Modeling, and 4.2. Phase 1 Assessment
analysis This section outlines the elements of the Phase 1 assessment described in Figure
efforts, 4- 1. Phase 1 elements focus on providing the information needed to improve the
although field assessment of technology implementability, effectiveness, and cost for application
efforts to to the deep vadose zone target problems and to support selection of a technology
collect the or group of technologies for field-scale demonstration in Phase 2. These Phase 1

necesaryassessment activities primarily involve laboratory, modeling, and analysis efforts,
neessary although field efforts to collect necessary field design parameters are appropriate

designfor some of the technologies.
parameters for
field testing are The in situ gas-phase technologies (desiccation, in situ gaseous reduction, and
,appropriate for multi-step geochemnical manipulation) are considered the most likely to proceed to

some f thenear-term field testing based on the results of previous evaluations as described in
soehoofgtes Section 3.2. As shown in Figure 4-1, it is expected that the treatability test efforts
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will extend through field testing for these technologies, culminating in a field
demonstration (Phase 2). However, initial laboratory, modeling, and field efforts
targeted at determining field design parameters are necessary prior to the full
technology demonstration and to select the most appropriate field testing
approach (e.g., testing of desiccation alone or in conjunction with another
technology). An initial focus of Phase 1 efforts will be to evaluate gas-phase
technologies and candidate sites that are relevant to technetium-99 remediation
and the 200-BC-i feasibility study. These efforts are emphasized to meet the
timeframe associated with supporting the 200-BC-1 feasibility study. Relatively
near-term field efforts are also envisioned for gas-phase technologies to address
uranium contamination. Phase 1 assessment efforts will focus on comparative
evaluation of the gas-phase technologies for effectiveness with uranium and
determining the parameters needed to support a field test design.

While activities to support near-termn field testing are important, assessment
activities will also initiate longer-term laboratory and modeling studies to evaluate
gas-phase and other technologies for the deep vadose zone. Efforts will be
focused on compiling information from existing or ongoing studies and
conducting additional analyses to improve the ability to assess the
implementability, effectiveness, and cost of these technologies for the Hanford
deep vadose zone target problems.

Treatability efforts to assess the impact of surface barriers on the deep vadose
zone are also a priority and will be conducted in conjunction with existing barrier
installations at Hanford.

The approach for each technology as part of Phase 1 is provided in the following
sections. As testing proceeds, the objectives and approach will be updated as
necessary. Additional information on the planned schedule of activities is
provided in Section 6.

4.2.1. Desiccation

Previous technology screening studies identified desiccation as a promisingUnetiis
technology, but also identified uncertainties about the technology that need to be Unetiie
addressed for application to the deep vadose zone at Hanford. The following about
overall Phase 1 assessment efforts for desiccation result from recommendations in desiccation
these previous studies. Additional detail for evaluating desiccation are provided need to be
in Appendix D. investigated

Modeling Evaluation. Modeling will be used to identify uncertainties that need before it can be
to be addressed by other complimentary investigation methods. These will applied at
include: Hanford

* Estimate the location and extent of desiccation needed to achieve
remediation goals

* Assess factors that influence the rate of re-weffing
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Assess system configurations (i.e., well spacing and geometry), their
relative performance, and factors that effect their performance

Successful design, deployment, and operation of a field-scale soil-desiccation
system will require a detailed understanding of mass and energy transport in
heterogeneous sediments under transient conditions. The understanding of these
processes can be improved through laboratory experimentation and numerical
modeling to resolve the issues identified above. There are three major
components recommended for the modeling effort as part of the Phase 1
assessment:

1. Evaluating the role of salt concentrations on the desiccation process.
2. Incorporating constitutive theory describing the behavior of air and water

during unsaturated flow.
3. Calibrating model parameters with laboratory data and conducting scoping

simulations.

The first component is the role of salt concentrations on the desiccation process.
Previous studies of the fate and transport of hypersaline fluids in Hanford
sediments suggest several important roles. Work by Ward and Gee (2001)
suggests that the fine-textured, low-permeability interbeds in the Hanford
formation may act to restrict solute transport relative to the flow of water. The
mechanisms for this phenomenon include chemical osmosis (e.g., fluid flow in
direction of higher salinity) and electro-osmosis (i.e., flow of water, dragged
along by ions moving due to an electric potential gradient). The resulting flow of
water in response to the concentration gradient could essentially pull water from
the surrounding untreated regions, affecting the efficacy of the desiccation system
(FHI 2006). It is anticipated that soil desiccation will lead to a concentration of
salts in the pore water of the finer-textured sediments in which technetium-99 and
nitrate are currently immobilized. The Phase 1 assessment should evaluate the
relative importance of these mechanisms.

The second component relates to the constitutive theory describing the behavior
of air and water during unsaturated flow. At present, relative air permeability is
predicted using the parameters derived for hydraulic permeability. Moldrup et al.
(2001) reported that at a given value of soil air content, the tortuosity in the
gaseous phase of a wet soil is larger than a completely dry soil and, also, is
typically larger than in an undisturbed soil compared to a sieved, repacked soil. At
a given value of fluid-phase (water or air) content, the liquid-phase tortuosity is
typically equal to or larger than gaseous-phase tortuosity, the likely exception
being coarse-textured undisturbed sediments. More recently, Tuli et al. (2005)
found that regardless of soil disturbance, values of the tortuosity-connectivity
parameter (1 in the van Genuchten-Mualem model) for water permeability and air
permeability were different. There is also increasing evidence that liquid-phase
tortuosity is strongly dependent on soil type and related to specific surface area
and liquid-phase geometry, whereas gaseous-phase tortuosity is less soil type
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dependent and related to the connectivity of air-filled pores. Nevertheless, the
general practice is to use the same value of!1 for both the water and air
permeability functions and the same diffusivity-tortuosity models for both solute
and gas diffusivity and without distinction between undisturbed (field soil) and
sieved, repacked soils typical of laboratory measurements. Laboratory
experiments in conjunction with numerical modeling should be conducted
determine the importance of these differences on air transport and the desiccation
process.

Following the incorporation of these mechanisms into a model, the third
component would be calibrating the model using laboratory flow cell data. The
calibrated model would then be run to simulate system response under different
operating conditions and well configurations, while varying key parameters, in
order to improve our understanding of system performance. Such a parametric
analysis is needed to understand the subsurface perturbations in mass and energy
distributions caused by the injection and removal of air in different soil types. The
results of these types of simulations would be valuable to optimize the system
design and operating parameters such as (1) the number of injection/extraction
wells; (2) well screen dimensions and positioning; (3) air injection pressure; (4)
air injection/extraction rates; (5) air injection mode (pulsed or continuous); (6)
input air properties (temperature, humidity); (7) air distribution and zone of
influence under different injection modes; (8) the need for impermeable surface
seals as well as monitoring and management considerations for homogeneous and
heterogeneous soil formations. The initial model assessments will also be useful Laboratory
to define monitoring and management criteria. A major benefit of analyzing the tests are
system design criteria and operating parameters is an improved understanding of needed to
the influence of heterogeneities and their distribution on air flow rate and changes evlat
in soil moisture and temperature. Thus, modeling will play a key role in defining eaut
alternative desiccation strategies and ultimately predicting the efficacy of these specific
alternatives. processes that

Laboratory Evaluation. Laboratory tests are needed to evaluate specific deccatduingan
processes that occur during desiccation and quantify their impact on thedeictoan

implementation and effectiveness of desiccation. Work has been initiated for two quantify their
items: impact on the

0 Energy balance impact on desiccation implementation
0 Impact of heterogeneities in hydraulic properties on desiccation and

Continued efforts will be conducted based on the initial results of this work. offdesctin.
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Areas of additional study include the following items:
*Factors impacting air permeability
*Water retention parameters relevant to low moisture content
*Solute concentration effect on desiccation
*Solute behavior during rewetting
*Geochemical changes during desiccation (e.g., mineral precipitation)
*Physical effects of desiccation on sediments

A further description of key near-term study items is listed in the following
paragraphs:

Differences in Permeability to Air and Water between Disturbed and Undisturbed
Soils. Sediment structure and pore geometry dominate flow and transport
processes in Hanford sediments but there are few data to quantify the effects of
these characteristics on air and water permeability. At present, hydraulic
conductivities measured on repacked samples are applied directly to field-scale
simulations without consideration for structural effects. Furthermore, air
permeability is predicted from water retention functions assuming that the both
fluids are impacted in the same way by the pore geometry. Laboratory studies are
needed to determnine the relationship between permeability and the content of air
and water for disturbed and undisturbed sediments. Such studies should measure
both water permeability (kw) and air permeability (ka,) on intact (undisturbed) soil
samples after which the samples would be crushed and repacked to create an
equivalent disturbed sample of the same sediment. Measurements would be used
to quantify differences between intact and repacked samples and role of soil
structure on fluid flow. Owing to differences in pore geometry between intact and
repacked samples, we anticipate differences in the tortuosity-connectivity
parameter for water permeability, l1, and air permeability, 1,,. At present, the same
value of the 1 parameter is used to parameterize both the air and water
permeability functions. Ignoring differences in the tortuosity-connectivity
parameter for the different fluids will increase the uncertainty in predictions of the
efficacy of soil desiccation.

Soil Water Retention and Conductivity Functions Applicable to Vapor Flow.
Water flow models typically calculate the hydraulic conductivity, K(O), from the
water retention curve, O(~V). The two most frequently used O(y) models are those
proposed by Brooks and Corey (1966) and van Genuchten (19 80). The popularity
of these models is due primarily to their ability to fit water retention experimental
data in the wet region, where it is often expected that most flow occurs, and
owing to the fact that they can also be readily combined with conductivity models
to yield analytic expressions for relative per meability. However, these functions
have proven unsuitable for very dry conditions (y/< -1.5 MPa). In fact, one of the
disadvantages of the traditional water retention models is that they do not allow
water content to fall below the residual water content, 0, a physically unrealistic
constraint. The residual water content 0,r is defined as the value of 0 where K(O)
0. During soil desiccation, water transport is a nonisothermal coupled process
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involving water in the liquid and vapor phases. Under these conditions, retention
models in which 0, > 0 will fail because with vapor transport, 0 --* 0. The issue of
predicting flow and transport under hyper-dry conditions have also been identified
as a major source of uncertainty in vadose zone modeling at Hanford in a recent
U.S. Geological Survey review conducted as part of regulatory review of the 200-
15W-i Operable Unit remedial investigation/feasibility study document.
Laboratory studies of steady state, unsaturated, nonisothermal flow in closed
columns over the range of soil temperatures expected in desiccation studies are
needed to generate data for testing models that extend the water retention and
hydraulic conductivity curve to hyper-dry conditions. The product of these
studies will be a full-range water retention model that can reliably extrapolate the
water retention curve beyond the driest measured point.

Air- Water-Electrolyte Constitutive Relationships. This task will quantify the
effects of saline/sodic waste on water and solute migration in response to
desiccation of the subsurface. Measurements should be made using sediment
samples representative of the BC cribs site. Laboratory experiments should be
conducted on specific size fraction and mixtures representative of the major
lithofacies to quantify the air-permeability-saturation relationships and to
characterize their ability as act as semi-permeable membranes and, thus, impact
the osmotic potential gradient. Measurements would be made using different
electrolyte concentrations to quantify the importance of osmotically driven water
vapor transport in the presence of saline plumes under non-isothermal conditions
produced during desiccation. The air-permeability-saturation data and the
capillary pressure-saturation data could then be used to extend the current
constitutive theory to simultaneous prediction of water permeability, air
permeability, and diffusive properties as functions of fluid-phase (soil water or
soil air) content using unique connectivity/tortuosity parameters (1). Data
collected with different electrolyte concentrations would then be used to (1) Tests are
quantify the impact of saline and sodic waters on permeability (2) develop a needed to
general procedure for predicting K-O-h relations for mixed-salt solutions high in dfn yrui
Na +; (3) quantify the importance of osmotic potential gradient on water and salt dfn yrui
movement; and (4) develop a robust accounting for the effects of low moisture on properties of
constitutive properties. soil that could

affect
Field Parameter Test. Tests are needed to define field-scale hydraulic properties desiccation at
relevant to desiccation at targeted field application sites. field application

Air permeability testing at selected sites and targeted hydrologic zones would sites.
complement laboratory parameter development as input to models.

4.2.2. In Situ Gaseous Reduction

While in situ gaseous reduction has been field tested for chromate remediation in
the vadose zone (Thornton et al. 1999 and 2003), there are uncertainties for
application to the technetium-99 and uranium due to the potential for re-oxidation.
For this reason, reductive technologies were not recommended for immediate
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application in the vadose zone by the vadose zone technical team (FHI 2006).
The Phase 1 assessment efforts are focused on the potential of reductive processes
for long term mitigation of technetium-99 and uranium in the vadose zone.
Additional detail is provided in Appendix E relative to evaluation of reductive
technologies for uranium contamination.

M ode ling is Modeling Evaluation. Modeling is needed to evaluate the physical and
1- -1 togeochemnical factors that influence the design and effectiveness of in situ gaseousneeded toreduction. These include:

evaluate the 0 Configuring a model for gas-phase transport under an induced flow-
physical and gradient with heterogeneities and moisture contents representative of
geochemical target site conditions
factors that 9 Up-scaling the results of laboratory evaluations to the relevant field

influence the conditions
designand *Predicting the redistribution of oxygen into a reduced zone taking into
desig andaccount the gas-phase, mass transfer to the pore water, and oxygen sinks

effectiveness in addition to the reduced technetium-99 and uranium compounds. A
of in situ technical basis for estimating re-oxidation rates based on oxygen mass
gaseous transfer rates is needed to accompany laboratory data.

reduction. Gas phase processes are expected to have significant advantages over most liquid
vadose zone remediation strategies because of the ease of injection and minimal
gravitational or channeling effects. However, better tools are needed to evaluate
potential designs for vadose zone remediation using reactive gases. Thus, a multi-
phase flow model needs to be configured for evaluating the applicability of
reactive gas technologies to the deep vadose zone.

The laboratory investigations need to be up-scaled to realistic field conditions for
prediction of remedial effectiveness and for design of the field tests. The physical
flow model will be coupled to geochemnical reaction parameters to evaluate the
required reactant concentrations in the gas phase and to predict reactant
breakthrough curves for monitoring of the injections. Critical parameters to be
addressed include the impacts of channeled flow due to heterogeneities, the extent
of reaction in high and low permeability zones, and the relative reductant
interaction with oxidized aquifer materials (e.g., iron oxides) technetium-99 and
uranium and co-contamninants.

The rate of re-oxidation is a critical issue for in situ reduction of technetium-99
and uranium. The laboratory results will be extended to field scale and
extrapolated time scales to evaluate remedial effectiveness.

Laboratory Evaluation. Laboratory tests are needed to quantify technetium-99
and uranium sequestration:

*Determine the reductive capacity of technetium-99 and uranium, co-
contaminants, and aquifer materials
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" Measure the chemical and physical properties of the reduced contaminant Laboratory
species

* Determine the impact of vadose zone sediment properties and moisture experiments are
content on technetium-99 and uranium reduction and co-precipitates needed to

* Determine the impact of injection rate, carrier gas composition, and develop site-
relative humidity on the effectiveness of gaseous reduction.spcfcdt

* Investigate the re-oxidation rate of reduced technetium-99 and uranium secarii dat
species.reduction of

The practicality of in situ reduction depends on the ability to deliver sufficient technetium -99
reductant to sequester technetium-99 and uranium. Estimates of the subsurface and uranium.
reactions with technetium-99 and uranium, co-contaminants, and sediments are
needed. Laboratory experiments are needed to develop site-specific data
regarding the these reactions. The overall mass-action for gaseous reduction may
be described in terms of reductive capacity of the vadose zone system. This
capacity is an additive function of all the oxidized species that will react with the
reductant. The reductive capacity can be measured through column experiments
with uncontaminated and contaminated sediments similar to experiments
conducted for saturated zone reductants.

The properties of the reaction products are important for evaluating the reaction
mechanisms and for predicting long-term effectiveness. Advanced microscopic
characterization techniques including scanning electron microscopy/energy
dispersive spectrometry, x-ray microprobe, and x-ray absorption near-edge
spectroscopy can provide data for reaction product characterization. However,
with technetium-99 the ultra-low concentrations of concern may challenge the
analytical methods more than for uranium or other species.

The fate of the reduced contaminants will also be a function of the sediment
composition and the moisture content. The reaction products will be investigated
for different size and composition fractions in the sediments. The soil moisture
may promote heterogeneous or homogeneous reduction reactions. Thus, the
remedial effectiveness may vary with moisture content. The nature and humidity
of the carrier gas for the reductant will also have an effect on the relative degree
of reaction with technetium-99 and uranium and other species. Column
experiments are effective for addressing these issues.

Laboratory re-oxidation rate measurements are important for determining long
term remedial effectiveness. A combination of column experiments with stop-
flow events and micro-scale characterization data on post-oxidative sediments
may be used to evaluate re-oxidation.

Field Parameter Test Tests are needed to define field-scale hydraulic properties
relevant to in situ reduction at targeted field application sites.
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Air permeability testing at selected sites and targeted hydrologic zones would
complement laboratory parameter development as input to models. The testing
strategy would be similar to development of field parameters for desiccation
technologies.

4.2.3. Multi-Step Geochemical Manipulation

The vadose zone technical team (FHI 2006) identified multi-step geochemical
manipulation using gas-phase reagents (perturbation geochemistry) as a potential
means for long-termn control of technetium-99 and uranium migration in the
vadose zone by sequestering technetium-99 and uranium within a precipitated
matrix resistant to resolubilization of technetium-99 and uranium. However,
multi-step geochemnical manipulation is a conceptual technology still in the
developmental phase. Because of the strong potential for long-term control of
technetium-99 and uranium, the following Phase I laboratory assessment
activities are included in the plan. Additional detail is provided in Appendix E
relative to evaluation of reductive technologies for uranium contamination.

Laboratory Evaluation. Laboratory tests are needed to quantify the candidate
processes for technetium-99 and uranium sequestration in terms of:

*Candidate reactions for manipulation - carbonate vs. silicate systems
*Sequestration mechanism - co-precipitation vs. physical isolation
*types of gases needed to induce technetium-99 and uranium co-

precipitation and reaction steps
*Chemical/physical properties of the precipitates
*Impact of vadose zone sediment properties and moisture content on

geochemical processes
*Resistance of the precipitates to technetium-99 and uranium

remobilization

LabortoryInitial laboratory efforts are needed to verify the mechanisms and effectiveness of
Labortorypotential multi-step geochemical manipulation processes. As discussed in the

tests are vadose zone technical team report (FHI 2006), there are several candidate systems
needed to that could be manipulated (e.g., carbonate and silicate systems). Testing will need
verify the to consider the target site sediment, pore water, and technetium-99 and uranium
mechanisms and chemistries because the mechanism of sequestration will depend greatly on the

effetiveess site-specific properties. Little is known regarding technetium-99 as a trace
effetiveess component in carbonate or silicate systems. Somewhat more is known regarding

of potential uranium but significant data gaps exist. From theoretical considerations, the
mu/ti-step incorporation of the technetium-99 and uranium into precipitating solid solutions
geochemical will likely be favored by higher temperatures and faster precipitation rates. The

manipuationability to manipulate the geochemnical system will also depend on the extent thatmanipuationthe system can be perturbed from the initial state - e.g., by increasing carbon
processes. dioxide partial pressure to dissolve calcite.
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The presence of magnesium and possibly ferrous iron may be important
influences on the incorporation of uranium or technetium-99 into calcite. Thus,
laboratory investigations should address the equilibrium and kinetic effects in
multi-component systems.

Once a promising sequestration mechanism has been determined, then the
conditions and steps needed for effective isolation of technetium-99 and uranium
need to be developed. This effort involves developing a detailed understanding of
the reaction mechanisms, rates, and products. Resistance to remobilization. must
also be evaluated. These laboratory investigations will likely include batch and
column experiments, advanced microscale characterization, and
equilibrium/kinetic geochemnical modeling.

Field Parameter Test. Tests are needed to define field-scale hydraulic properties
relevant to multi-step geochemical manipulation at targeted field application sites.
Air permeability testing at selected sites and targeted hydrologic zones would
complement laboratory parameter development as input to models. The testing
strategy would be similar to development of field parameters for desiccation
technologies.

4.2.4. Grouting Technologies

Grout injection is the subsurface placement of an encapsulating slurry mixture 6rout injection
that, when cured or reacted, stabilizes or isolates the contaminant in a permanent ivle lcn
matrix solid. Application, transport of the grout to the deep vadose sediment ilv/e /cn
contaminant sites, and verification of proper placement are the principal a slurry mixture
challenges to implement the technology. The vertical variation in stratigraphy, into the
with some levels having relatively low potential permeability to grout flow, pose subsurface
significant challenges for the technology. The following Phase 1 assessment that, when
efforts for grout injection are included in the plan: cured,

Modeling Evaluation. Using site information in modeling is needed to: stabilizes or
" Assess the distribution, location, and stratigraphic factors that control the isolates a

distribution of vadose zone contaminants and associated grouting targets contaminant in a
so that specific scenarios for grout application can be developed permanent so/id

* Evaluate impact of targeted grouting zone and introduced fluids on the
surrounding vadose zone

Laboratory Evaluation. Laboratory tests are needed to examine grout material
candidates in terms of:

* Injection properties of candidate materials with different viscosity,
density, and composition for targeted Hanford materials

* Technetium-99 and uranium sequestration mechanism through interaction
with the grout and quantification of the resultant chemical leaching
potential.
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Impact of vadose zone sediment properties and moisture content on
technetium-99 and uranium and co-precipitates

4.2.5. Soil Flushing

The effectiveness and implementability of soil flushing is immediately controlled
Soil flushing by the technical ability to contact targeted contamination in the vadose zone with
mobilizes the leaching solution. Soil flushing mobilizes contaminants in the vadose zone
contfaminants In with the intention of recovering them in the groundwater using pump-and-treat

the vdosezone technologies. The application and distribution of the leaching solution in an
the vdosezone unsaturated zone poses a significant challenge. One application strategy is to

with the release the leaching solution near the surface in former waste disposal locations to
intention of mimic the original contaminant release and subsequent transport through the
recovering them vadose zone. Such an application approach may be complicated by the extended

in th e travel time of the leaching solution with associated intermediate reactions before

groundwater arriving to the targeted zone of contamination. Undesired secondary mobilization
of non-targeted mineral components complicates the process and at best make the

using pump-and- reagent recovery efforts even more difficult and extensive in the receiving
treat groundwater. A second approach would be to introduce the leaching solution at
technologies targeted locations and depths through boreholes. The site specific details will

control the success of deployment of soil flushing. Phase 1 assessment activities
are included in this plan to provide a basis for evaluation of the technology and
associated risks with mobilizing contaminants.

Modeling Evaluation. Using site information in modeling is needed to:
* Assess the distribution, location, and stratigraphic factors that control the

distribution of vadose zone contaminants and movement of injected fluids.
" Assess system configurations, their relative performance, and factors that

effect their performance.

Laboratory Evaluation. Laboratory tests are needed to examine leaching solution
candidates in terms of:

* Kinetics and stability of solubilization of technetium-99 and uranium and
non-target compounds.

" Transport properties of solubilized technetium-99 and uranium and non-
target compounds.

* Impact of vadose zone sediment properties on leaching solution processes.

4.2.6. Surface Barrier Technologies

To assess the surface barriers in the context of deep vadose zone contamination,
the following activities are needed:

*Determine how deep the effect of surface infiltration control extends into
the vadose zone as a function of the areal extent of the surface barrier,
including side slopes.
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* Determine the impact of surface infiltration control on water and The Phase I
technetium-99 and uranium already located in the deep vadose zone. assmn

* Identify the constituents and/or conditions that should be monitored to assmn
assess barrier impact on the deep vadose zone. activities will

* Identify monitoring systems that can provide data on changes in the focus on using
baseline conditions for the long-term application necessary for the deep existing or
vadose zone applications. planned surface

* Link performance of the barrier in the deep vadose zone to barrier barrier sites to
performance elements such as the following:
- Performance of alternative covers in limiting deep percolation. address these
- Performance of alternative covers in limiting contaminant migration objectives.

through the vadose zone.
o Establishing and maintaining appropriate vegetation diversity on

the barrier.

The data that are needed to verify or confirm barrier performance and assess the
effects of the barrier cannot be realistically obtained in the time period typically
associated with a treatability test. Therefore, a simulation model is the only tool
available to assess the long-term performance related to the deep vadose zone.
Phase 1 assessments of barrier technology will focus on collecting data to support
configuration of a model and using the model to assess barrier performance.

The prototype Hanford barrier, deployed over the 216-13-57 crib, was constructed
in 1994 to evaluate surface-barrier constructability, construction costs, and
physical and hydrologic performance at the field scale. The barrier was routinely
monitored between November 1994 and September 1998 as part of a CERCLA
treatability test of barrier performance for the 200 BP 1 Operable Unit. The
results of the 4-year (fiscal years [FY] 1995 to 1998) treatability tests are
documented in the 200-BP-1 Prototype Barrier Treatability Test Report (DOE
1999b). Since FY 1998, monitoring has focused on a more limited set of key
water balance, stability, and biotic parameters with results summarized in annual
letter reports. These reports typically summarize the results of energy and water-
balance monitoring including precipitation, soil moisture, soil temperatures, and
drainage measurements; barrier-stability monitoring, consisting of asphalt-layer-
settlement, basalt-side-slope-stability, and surface-elevation measurements; and
surveys for vegetation characteristics and evidence of animal-intrusion survey.
There are also data of the baseline vadose zone conditions prior to construction of
the barrier. The Phase 1 assessment will, therefore, include on two initiatives: (1)
inverse modeling to calibrate the numerical model using the 13 -year dataset from
the 200-BP-1 barrier, and (2) borehole or surface geophysical logging at the site
to determine whether there have been changes in the vadose zone baseline
conditions, including changes in the apparent distribution of moisture and
contaminants in the 13 years following construction, and to identify any possible
surrogates that can be monitored in the vadose zone in the near term to predict
long-term efficacy.
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4.2.7. Related Efforts at Hanford and Within DOE

The ongoing related DOE and Hanford activities for technetium-99 and uranium
The Phase 1 described in Section 3-2 are being conducted for other purposes. The Phase 1
assessment wi/I assessment activities associated with these efforts will coordinate and interface
be used to re- with these projects to identify relevant data and results for application to the deep

evaluae thevadose zone in Hanford's Central Plateau.

technologies 4.3. Selection of Technology for Field Demonstration and
and select Treatability Testing

fieldpte. The Phase 1 assessment activities described in Section 4-2 will be used to supportfield ests.re-evaluation of the technologies and selection of appropriate field testing. The
re-evaluation process will consider the following criteria related to evaluations
conducted for remedy selection:

* Overall protectiveness of the remedy to human and environmental
receptors

* Ability to prevent contamination of groundwater at concentrations above
the maximum contaminant level for technetium-99 and uranium

" Short- and long-term effectiveness and the actions required to maintain
effectiveness

*Ability to measure and monitor technology effectiveness
*Risk of unintended consequences or risk to workers and the public during

implementation
*Technical difficulty for technology implementation and, if necessary,

difficulty in maintaining effectiveness of the technology.
*Anticipated capital and operating cost
*Regulatory and stakeholder acceptance

Additional emphasis in selecting technologies for field testing will be placed on
the technical uncertainties of conducting a field test and the data available to
support a field test design.

The 200-9C-1 The initial focus for field testing will be on gas-phase technologies for
Operable Unit is technetium-99 to support the 200-BC-lI feasibility study. As such, the 200-BC-lI
a leading Operable Unit is a leading candidate as a field test site. However, this and other
candidate as a candidate sites will be evaluated using the information compiled during the Phase
field test site 1 assessment and from site characterization efforts to determine the best field test

becaue wok is site. The first decision related to test site selection is evaluation of whether or not
becaue wok is the technology is ready for testing at a contaminated site. This determination will

already be based primarily on assessment of the risk of unintended consequences at the
underway to0 candidate contaminated test sites. An uncontaminated site may be selected for
complete a initial testing if the risks at a contaminated site are deemed unacceptable. If a
feasvibility study contaminated site is deemed appropriate, the candidate sites will be compared

of tht ara. Y with respect to the contaminant distribution, knowledge of relevant subsurface
of tat aea, properties, administrative burdens, available infrastructure, and the amount of
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characterization data available. The most appropriate test site will be selected
based on these criteria and usefulness of the anticipated data for supporting the
200-BC-i1 feasibility study.

Field testing at a uranium-contaminated site is also a near-term objective for the
treatability test plan. The evaluation process will be the same as described above
for the technetium-99 field test site, also with a focus on gas-phase technologies.
The final criteria, however, will be evaluation of the usefulness of the anticipated
data for supporting operable units with uranium contamination.

4.4. Field Treatability Testing (Phase 2)

Field testing of gas-phase technologies is anticipated to investigate their
applicability to technetium-99 and uranium contamination (see Figure 4-1 and
Section 6). Additional detail about this testing is provided in Appendix D and
Appendix E. Field tests will evaluate the technology for implementability and
short-term effectiveness so that data can be collected within a timeframe to be
considered in near-term feasibility study efforts. These field tests will also
include collecting data that can enhance evaluation of related technologies. For
instance, if desiccation is field tested, data relevant to distribution of other gases
will be collected to support improved assessments of all gas-phase technologies.
The field tests will also monitor parameters that can indicate long-term
effectiveness and monitor these parameters over suitable time periods. While Field tests will be
these data may not be available to support near-term feasibility studies, the data conducted on gas-
will be targeted at supporting later feasibility studies, remedial design, and other phase
remedy selection efforts. technologies and

Field efforts to evaluate the effect of surface barriers on the deep vadose zone are surface barriers
also anticipated. These efforts will be conducted in conjunction with existing and to evaluate their
planned surface barriers at Hanford. A specific field testing and analysis plan (see effectiveness and
Section 6) will be developed for this effort. imp/ementabi/ity.

Field testing of the other deep vadose zone technologies is not initially planned as
part of this treatability test plan. However, the need for field testing of these
technologies will be re-evaluated using the Phase 1 assessment information
collected as part of the treatability test plan efforts (see Section 4.3).
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5.0. Evaluation of Treatability Test Performance

Results from the treatability tests will be evaluated in a series of reports that
discuss the Phase I assessments (e.g., modeling, laboratory data) and the field
work (Phase 2). The goals of these reports will be to document the-tasks Results from
performed and data produced during the course of testing, interpret the data, treatabillty tests
evaluate the results against the objectives of the test, and provide information to wilbprvddn
be used in CERCLA decision processes, including design and implementation of wilbprvddn
a larger-scale test or deployment of the technology. The pertinent design reports to
information will include a detailed evaluation of testing costs and how these document tasks
should be considered for full-scale technology implementation. performed and

Information gathered during treatability tests will also be used in the technology data produced,
evaluation process conducted for the CERCLA feasibility study process. Field interpret the
and modeling information is used during this process to evaluate risk mitigation data, evaluate
associated with various treatment technologies, results, and

An essential element of a thorough treatability testing analysis is verification of informiontob
the technology's effectiveness. A number of indirect measurements can be made usdinmto th b

to evaluate effectiveness, but only direct physical measurements can be used for usdith
verification. Because the schedule for the initial treatability test has been CERCLA decision
optimized to provide information to the 200-BC-i feasibility study, verification processes.
information will likely not be available for that phase of the CERCLA process.
Appropriate physical samples of the deep vadose zone at the field test site(s) will
be collected after the treatability test, and the resulting data will be included in the
evaluation report.
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6.0. Schedule

A schedule for treatability test plan activities is shown in Figure 6-1. After the
test plan is finalized, there are six categories of activities shown on the schedule:
technetium-99 efforts, uranium efforts, grouting and soil flushing technology
efforts, surface barrier efforts, and performance evaluation.

The technetium-99 efforts have an initial target of providing input to the
200-BC- I feasibility study. Some relevant laboratory, modeling, and field
characterization efforts are already underway. Additional efforts will be initiated
to address technical items needed to support a field test for an appropriate
technology. The goal is to conduct field testing for desiccation using an approach
that provides near-term implementability, effectiveness, and cost information for
the desiccation and related gas-phase technologies. It is anticipated that field
testing will continue as needed with long-term monitoring to assess technology
effectiveness. It is also anticipated that there will be a continuation of laboratory
tests, modeling, and potentially other field activities related to investigating
technology and technical uncertainty for the 200-BC-i feasibility study and other
technetium-99 applications at Hanford. These longer-term efforts will include
reporting to support these other applications as appropriate. Appendix D provides
additional detail about the technetium-99 desiccation testing plans. Efforts for
uranium technologies are similar to those for technetium-99 with the goal of
conducting a near-term field test and with inclusion of continuing activities. The
initial uranium test activities are focused on evaluating reactive gas technologies.
The activities for the uranium test are scheduled over a longer period of time than
for the technetium-99 (desiccation) testing to enable lessons learned from the
desiccation testing to be considered and because reactive gas technologies are
expected to require more upfront laboratory evaluation. Appendix E provides
additional detail about the uranium reactive gas testing plans

Efforts for grouting and soil flushing technologies will be conducted in parallel
with the above activities. Currently, field testing of these technologies is not
anticipated. However, the need for field testing will be evaluated as new
information is obtained through the planned laboratory and modeling efforts.

Surface barrier activities will be coordinated with ongoing and planned surface
barrier activities at Hanford. A surface barrier plan for the deep vadose zone will
describe the activities specific to assessing the impact of surface barriers on the
deep vadose zone.

Documents describing the treatability test efforts will include reports for specific
operable units (e.g., 200-BC-l) and testing status reports to satisfy Tri-Party
Agreement milestones. A final performance evaluation report will be prepared in
fiscal year 2015 to document all of the treatability test results.
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OOS3301

Devember 7,2004

Mr-. Roy L Schepens , Amnge W. Keith A. KInI, ManR
US. Depimmt of Energy US patntoEusery
MOf fRiver Protection RichiAnd Operatons Offte

P.O. Box 450 P.O. Box 550
Richd, Washington 99352 RiChlId, Washingon 99352.

Re: Tresabilt Investigation for Tedinetum-9

Deaw M=&m Schapens and Kklcm

EDMCThe Washington Depatmait of Elo(colo gyF=*), t U.S. E~nvirwia ProtectionASenCY WEA), and the US. Deputmen of Eneg (DOE have ackswlcdged the cleanpchenges, posed by technetim-99 in the deep vadose 200L Recent
mnfbmjtzn from the 200-TW-1 (216-T-26 Crib ad BC Cubs) anid 200-U W-1l soil operableunits, and the 200-ip-i1 groundwater and S/SX tank Iins ba indicatd subwlbcs fa andtrasPort Of tOedmtilum-99 tha is nWt 6onsistent with mod eling resuits. While proms has beenMade, in eqaming what physial procasses may be respoinsible for the retention ofteduatium-99 in the vadose zone, not all of then lnw~g fit and CjmWratjtOnpluus

aeclct the latest flidings..

The tusk of selecting efetigve an d fcient cleaup, rmeadies for vadose zoneo6nuhainsitiou may prove even mmr chamdngng than addrmiig the modeling and
chautejii NBC sue we urrenty fice hW spcday bwu for tacbnatium-99 very deep inthe vados zone wheom the effectivemess of remedies emplyed at thetsifac is beiiz queationetLEcology au4 EPA believ that it as imperative *ha the Richhed Oparations Office iand the Office.of ivr rotctonwoak witha EPA and EcWoog to dvelp a stategy for improv dinhods toundeustand the natue and eUmt of "adose zone contaminaton and to develop reunali options

-f~vaddOB~ftMich00nw inain morder to restore ad protectgroundwater resowoes.
The Woflrt WiW Rkely includs a scienc nd techinology development cmponent asthris no readily deployablIc amologyro vut Udcnetum-99 in the deep vadose aome We alsobeliev tdat treatoity studies wall be necessary to ariv at effhctive rmedies at the operableunits mentioned eartr. IlopetlY, a Waste site and tank faumm at aeas oint effort oalead to loom learned and ma efficiant use of clenup budgeoug coordinate btasbilitystuhe and uubsaqnen oemp rumvdim.

As a Ams step Ecology and EPA would like to Workwilh DOE t% qpow a technicalthrum on this immu in order to idenif a path forward for developing morm effative tools to
4dmthsnpwrtat imve. We would anhickma tha this iniia, efibft would =mrv as ftae
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cornertone for meetig reguitoy requiremets and Public expectatins for aneffective' cleauP
of Hanford's vadose zone and protection of underlying groundwater rosorca While we

uftind the difficultie associated with this work, we believe it is crucal to move forward
withthis effM sso spll,0M okfradt on osrcieyvt o oAtt

the chalenge of technctium-99 in the vadose zone.

If you havemay qmcoii or comments, pleasezoontact John Price of Ecology
(5091372-792 1) or Craig Cameron of EPA (509/1764665).

Sincerey,

Mkihd A. Wl son Nicholas Ceto, Progrm Manager
NW, Progra Manager Hanfoird Project Office

CC: 1L Rominc, POE
UDusel4 FH

K. NUMs 002
hL JaraYSi, CR0
a. F orcdflM
P. Kruger, DOE
J. Lyoti, Ecology
Admin. Recod: 2001TW-, 200-UW-l, 200-UP-i
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Appendix B

Table B-1. Remnediation Technologies Listing.

General Contaminants
Response Action Technology Type Remediation Technology Treated

No Action No Action No Action NA

Institutional Land Use Restrictions Deed Restrictions NA
Controls Access Controls Signs/Fences NA

Entry Control NA

Monitoring Monitoring NA

Containent Surface Barriers Arid Climate Engineered Cap I, M, R , 0

Asphalt, Concrete, or Cement Type Cap I, M, R, 0

RCRA Cap I, M,R,O0

Subsurface Barriers Slurry Walls I, M, R, 0

Grout Curtains 1, M, R, 0

Cryogenic Walls I, M, R, 0

Sheet Pile I, M, Rz, 0

Soil Stabilization Membranes/Sealants/Wind Breaks/Wetting I, M, R, 0
_________________ Agents________

Removal Excavation Conventional 1, M, R, 0, T

Remote Processes I, M, R, 0, T

Stabilization and Retrieval I, M, R, 0, T

Soil Vacuum I, M, R, 0

Disposal Landfill Disposal Onsite Landfill I, M, R, 0

Offsite Landfill/Repository I, M, 0,
R (mixed with

____ __ ____ ___ ____ ___ ____ ___ T), T
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Table B-1. -Remediation Technologies Listing. (page 2 of 2)
General 11Contaminants

Response Action I Technology Type J Remediation Technology J Treated
Ex Situ Treatment Thermal Treatment Calcination I, 0
(assumes Thra esrto
excavation) TemlDsrto

Incineration 0
Pyrolysis 0

Steam Reforming 0

Vitrification 1, M, R, 0

In-Container Vitrification I, M, R, 0

Physical/Chemical Chemical Leaching I, M, R, 0
Treatment Dehalonization 0

Vapor Extraction 0

Soil Washing I, M, R, 0

Mechanical Separation I, M, R, 0

Solvent Extraction 0

Chemical Reduction/Oxidation I, M, 0

Solidification! Stabilization 1, M, R, 0

Automated radionuclide segregation 1, M, R, 0, T

Biological Treatment Composting 0

Biological Treatment 0

Landfarming 0

Slurry Phase Bio, Treatment 0

___________Phytoremediation M, R, 0

In Situ Treatment Thermal Treatment Vitrification 1, M, R, 0

___________Thermally Enhanced SVE 0

Chemical/Physical Soil Flushing 1, M, R, 0
Treatment Active and Passive Vapor Extraction 0

Grout Injection I, M, R, 0

Soil Mixing 1, M, R, 0

Vapor Extraction 0

Supersaturated Grouts I, M, R, 0

Soil Desiccation I, M, R, 0

Electrokinetics I, M, R

Reactive gases (H2S) 1, M, R, 0

Nanoparticles I, M, R, 0

Geochemical Manipulation 1, M, R

Phosphate- or calcite-based immobilization 1, M, R

Biological Treatment Biodegradation 0

Bioventing 0

Phytoremediation M, R, 0

Natural Attenuation Monitored Natural Attenuation 1, M, R, 0

Notes: I =Other inorganic contaminants R = Radionuclide contaminants
M =Heavy metal contaminants T = Transuranic radionuclides
NA = Not applicable 0 = Organic contaminants
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Appendix C

Conceptual Model of the Deep Vadose Zone Beneath
the Central Plateau
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Acronyms and Abbreviations
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CHG CH2M HILL Hanford Group, Inc.
DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency
PUREX Plutonium-Uranium Extraction (Plant)
REDOX Reduction-Oxidation (Plant)
SALD State-Approved Liquid Disposal (Facility)
Sim Soil Inventory Model
TEDF Treated Effluent Disposal Facility
WAC Washington Administrative Code
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Appendix C

Conceptual Model of the Deep Vadose Zone Beneath

the Central Plateau
Transport of technetiumn-99 and uranium through the vadose zone is contingent on their release
into and flow with vadose zone water (i.e., aqueous phase drainage). The processes governing
flow and transport through the vadose zone depend on infiltration, the physical and chemical
nature of the geologic materials that make up the vadose zone and the types, amounts, and
compositions of the fluids that occupy the pore spaces. The implementability, effectiveness, and
cost of in situ treatment and surface barrier technologies that target deep vadose-zone
contaminants strongly depend on the subsurface conditions.

Key components of the subsurface conditions and processes are summarized below to provide a
context for the subsurface conditions and processes that may influence the success of potential
remedial technologies and the selection of appropriate treatability test sites. This section
provides general background information related to the hydrogeology, recharge events, and
geochemistry. Further discussion and detail regarding the general site conditions can be found in
the following documents:

* Zachara, J.M., J.N. Christensen, P.E. Dresel, S.D. Kelly, C. Liu, J.P. McKinley, R.J.
Seine, W. Um, and C.F. Brown. 2007. A Site Wide Perspective on Uranium
Geochemistry at the Hanford Site. PNNL- 1703 1, Pacific Northwest National Laboratory,
Richland, Washington.

* DOE. 2007a. Remedial Investigation Report For The Plutonium/Organic-Rich Process
Condensate/Process Waste Group Operable Unit: Includes The 200-Pw-1, 200-Pw-3,
And 200-Pw-6 Operable Units. DOE/RL-2006-5 1, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.

" DOE. 2007b. Vadose Zone Modeling at the Hanford Site: Regulatory Criteria and
Compliance for Risk Assessment Applications. DOE/RL-2007-34, Rev. 0, U. S.
Department of Energy, Richland Operations Office, Richland, Washington.

* Reidel, S. P. and M. A. Chamness. 2007. Geology Data Package for the Single-Shell
Tank Waste Management Areas at the Hanford Site. PNNL- 15955, Rev. 1, Pacific

* Northwest National Laboratory, Richland, Washington.

" Khaleel, R. 2007. The Far-Field Hydrology Data Package for the RCRA Facility
Investigation RFl Report. RPP-RPT-35222, Rev. 1, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

* Cantrell, K.J., J.M. Zachara, P.E. Dresel, K.M. Krupka, and R.J. Seine. 2007.
Geochemical Processes Data Package for the Vadose Zone in the Single-Shell Tank
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Waste Management Areas at the Hanford Site. PNNL-16663, Pacific Northwest National
Laboratory, Richland, Washington.

" Fayer, M.J., and J.M. Keller. 2007. Recharge Data Package for Hanford Single-Shell
Tank Waste Management Areas PNNL-16688, Pacific Northwest National Laboratory,
Richland, Washington.

" CHG. 2007. Central Plateau Vadose Zone Remediation Technology Screening
Evaluation. CH2M HILL Hanford Group, Richland, Washington.

* Ward, A.L., M.E. Conrad, W.D. Daily, J.B. Fink, V.L. Freedman, G.W. Gee, G.M.
Hoversten, J.M. Keller, E.L. Majer, C.J. Murray, M.D. White, S.B. Yabusaki, and Z.F.
Zhang. 2006. Vadose Zone Transport Field Study: Summary Report. PNNL- 15443,
Pacific Northwest National Laboratory, Richland, Washington.

* Last, G. V., E. J. Freeman, K. J. Cantrell, M. J. Fayer, G. W. Gee, W. E. Nichols, B. N.
Bjornstad, and D. G. Horton. 2006b. Vadose Zone Hydrogeology Data Package for
Hanford Assessments. PNNL- 14702, Rev. 1, Pacific Northwest National Laboratory,
Richland, Washington.

* Kincaid, C.T., P.W. Eslinger, R.L. Aaberg, T.B. Miley, I.C. Nelson, D.L. Strenge, and
J.C. Evans, Jr. 2006. Inventory Data Package for Hanford Assessments. PNNL-1 5829,
Rev.0, Pacific Northwest National Laboratory, Richland, Washington.

* DOE. 2000. Phase I RCRA Facility Investigation/Corrective Measures Study Work Plan
for the Single-Shell Tank Waste Management Areas. DOE/RL-99-36, Rev. 1, U.S.
Department of Energy, Richland Operations Office, Richland, Washington.

" Hartman, M.J. 2000. Hanford Site Groundwater Monitoring: Setting, Sources, and
Methods. PNNL-l 3080, Pacific Northwest National Laboratory, Richland, Washington.

* DOE. 1 999a. 200 Areas Remedial Investigation/Feasibility Study Implementation Plan -
Environmental Restoration Program. DOE/RL-98-28, Rev. 0, U.S. Department of
Energy, Richland Operations Office, Richland, Washington.

C.1. Hydrogeology

The vadose zone is the region of the subsurface that extends from the ground surface to the water
table. Historic effluent discharges to U-Pond and other major liquid waste disposal facilities
raised the water table as much as 24 meters (80 feet) above the estimated water-table elevation
prior to the start of Hanford operations. With the cessation of liquid discharges in the mid-
1 990s, the water table has been declining. The vadose zone beneath the Central Plateau ranges
in thickness from about 50 meters (164 feet) in the western portion of the 200 West Area
(beneath the former U Pond) to 104 meters (341 feet) in the southern part of 200 East Area (Last
et al. 2006b). The geology and hydrology of the Central Plateau have been extensively studied
because these areas are major historic sources of soil and groundwater contamination
(Hartman 2000).
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The major stratigraphic units making up the vadose zone include the following:
M Surface eolian sand and silt deposits of Holocene-Age
d Glacio-fluvial deposits of the Pleistocene-Age Hanford form-ation
M Fluvial, eolian, and pedogenic deposits of the Pliocene/Pleistocene-Age Cold Creek unit
M Fluvial, overbank, and lacustrine deposits of the Miocene/Pliocene-Age Ringold

Formation

The stratigraphy varies significantly across the up to 100-meter- (328-foot-) thick Cold Creek
flood bar that makes up the Central Plateau. A generalized geologic cross section showing the
general stratigraphy through the Central Plateau is shown in Figure C- I (Hartman 2000). The
physical structure and properties of the geologic framework and its principal transport pathways
affect contaminant movement and distribution within the vadose zone (DOE I 999c; Last et al.
2006b; Reidel and Chamness 2007) and can have significant effects on the implementability and
effectiveness of remedial technologies. Some of the important subsurface features are the nature
and degree of contrast between sediment types and sedimentary features (e.g. silt lenses, buried
soil horizons, elastic dikes, etc.). Figure C-2 illustrates some of these important features of the
Central Plateau vadose zone.
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The vadose zone beneath 200 West Area ranges from 50 to 80 meters (164 to 262 feet) thick and
can be subdivided into six principal hydrostratigraphic units (Lindsey et al. 1992a; Connelly et
al. 1992a; Thorne et al. 1993; Williams et al. 2002; DOE 2002; Reidel and Chamnness 2007).
These units include the following:

" Two facies associations of the Hanford formation:
- Gravel-dominated
- Sand-dominated

" Two lithofacies of the Cold Creek unit:
- Fine-grained, laminated to massive facies
- Coarse to fine-grained carbonate-cemented facies

* Two members of the Ringold Formation:
- Taylor Flat
- Wooded Island, Unit E

Not all of these units are present everywhere within the 200 West Area; as in any depositional
system, the thickness, distribution, and continuity of these units vary significantly from site to
site.

Clastic dikes (Figure C-3) are present, primarily in the finer-grained Hanford formation
sediments in the southern portions of 200 East and 200 West Area (Fecht et al. 1999; Reidel and
Chamness 2007). They occur as near-vertical sediment-filled structures that cut across bedding
planes and have been observed to form multi-sided polygonal cells (up to 150 meters [492 feet]
across) enclosing the host sediment (Fecht et al. 1999). Their effect on the transport of deep
vadose zone contaminants is expected to be minimal except under a restricted set of conditions
(Murray et al. 2003; Ward et al. 2006; DOE 1999d, 2006; Mann et al. 2001; CHG 2002).
However, their potential effect on active in situ remediation technologies should be considered.

020 E0803054 206

Figure C-3. Photograph of a Typical Clastic Dike as Found at the U.S. Ecology Site in Central
Plateau (after Fecht et al. 1999).
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Perhaps the most significant feature in the 200 West Area affecting vadose zone transport is the
fine-grained siliciclastic and carbonate-cemented facies of the Cold Creek unit, previously
referred to as the Plio-Pleistocene unit, (Rohay et al. 1994; DOE 2002), which represents an
ancient buried calcic paleosol sequence (Slate 1996, 2000). This unit is encountered about
midway between the ground surface and the water table in the 200 West Area, where substantial
volumes of perched water have been encountered (CHG 2007). Because of the cemented nature
of the Cold Creek unit, it is often considered impervious; however, it is also structurally brittle
and may contain abundant fractures that have developed during or since soil development. The
degree of cementation varies considerably within the Cold Creek unit so that contaminants could
breach the unit through discontinuities. The Cold Creek unit contains abundant weathering
products (e.g., oxides and carbonates) and may chemically react on contact with transported
waste. Immediately overlying the carbonate-cemented facies of the Cold Creek unit is the fine-
grained, laminated to massive facies (formerly referred to as the "early Palouse soil") that has a
relatively high moisture-retention capacity with a corresponding low permeability that tends to
retard the downward movement of moisture and contaminants.

The vadose zone beneath 200 East Area ranges from 50 to 104 meters (164 to 341 feet) thick and
can also be subdivided into six principal hydrostratigraphic units (Last et al. 2006b; Reidel and
Chamness 2007):

" Three units within the Hanford formation:
- An upper gravel-dominated facies
- A sand-dominated facies
- A lower gravel-dominated facies

* A fluvial gravel facies of the Cold Creek unit (equivalent to the Pre-Missoula Gravels of
Webster and Crosby 1982; Delaney et al. 1991)

" Two units belonging to the Ringold Formation (Lindsey et al. 1 992b; Connelly et al.
1992b; Thorne et al. 1993; Williams et al. 2000; DOE 2002)
- Member of Wooded Island, Unit A gravels
- Member of Wooded Island, Unit E gravels

Over most of the 200 East Area, the Hanford sand-dominated facics lies between the upper and
lower gravel-dominated facies (Lindsey et al. I1992b; Connelly et al. 1 992b). The Ringold
Formation in the 200 East Area is, for the most part, eroded away in the northern half of 200 East
Area. Here, the Hanford formnation lies directly on top of basalt bedrock. As the water table
continues to drop in response to the cessation of effluent discharges in the mid- I 990s, it is falling
below the top of basalt beneath the northeastern portion of 200 East Area. Just south of 200 East
Area, the top of the unconfined aquifer lies within the Ringold Formation.

Sublinear to anastamosing (braided-stream like), channel-cut scour and fill features occur within
the Hanford formation and may act as preferential pathways in the horizontal direction. Other
types of heterogeneity are associated with stratigraphic pinch out or offlapping/onlapping of
facies. Both the Ringold and the Hanford formnations often contain thin fine-grained stringers
that can result in lateral spreading of moisture and may slow the vertical movement of
contaminants within the vadose zone (Figures C-4 and C-5).
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Figure C-4. Gravel-Dominated Sediments of the Hanford formation Exposed in Pit #30.

Figure C-5. Sand-Dominated Sediments of the Hanford formation Exposed at the Integrated
Disposal Facility.

Last et al. (2006b) subdivided both 200 East and 200 West Area into two different geographic
areas (a northern area and a southern area) that could be represented by a similar
hydrostratigraphic column. A fifth geographic area was also defined to the northeast of 200 East
Area, where high volumes of dilute waste water were disposed, and is of little interest to this
study. Last et al. (2006b) defined the hydrostratigraphic units and thicknesses for each
geographic area and assigned hydraulic and geochemical properties to each unit. Reidel and
Chamness (2007) defined the hydrostratigraphic units and thicknesses for each single-shell tank
farm.
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Data on particle-size distribution, moisture retention, and saturated hydraulic conductivity (Ks)
have been cataloged for hundreds of samples from throughout the Hanford Site (Khaleel and
Freeman 1995; Khaleel et al. 1995; Khaleel and Relyea 1997; Freeman et al. 2001, 2002;
Freeman and Last 2003; Khaleel and Heller 2003). Last et al. (2006b) and Khaleel et al. (2007)
summarize the hydraulic properties for various sediment classes. Khalcel (1999) estimated a
longitudinal macrodispersivity of about 100 centimeters (3 9 inches) for the sand-dominated
facies of the Hanford formation in 200 East Area.

Data on the mineralogy of the suprabasalt sediments has been cataloged for hundreds of samples
(Tallman et al. 1979; Bjomnstad 1990; Serne et al. 1993, 2002; DOE 2002; Xie et al. 2003; Reidel
2004; Reidel et al. 2006). Empirical distribution coefficient (Kdj) data for Hanford formation and
Ringold Formation sediments are fairly abundant for dilute waste solutions and groundwater
(Cantrell et al. 2002, 2003a, 2007; Last et al. 2006b). Fewer Kd data are available for the Cold
Creek unit sediments or for high ionic strength waste solutions with slightly acidic to slightly
basic pH values. A relatively small amount of Kd data exist for the combined high ionic-
strength/highly basic tank liquors for many common radionuclides. Differences between
adsorption and desorption Kd measurements are also well documented. These Kd data have been
well tabulated by Cantrell et al. (2003), Kincaid et al. (1998), Seine and Wood (1990), Kaplan
and Serne (1995), Kaplan et al. (1996, 1998), Krupka et al. (2004), Um et al. (2005), Um and
Seine (2006), and Seine (2007). In the far-field, adsorption appears to be the controlling
geochemical process, but in the near-field, neutralization of acid waste by the alkaline sediment
and neutralization of basic tank waste can cause precipitation of a few macro and numerous
minor contaminant species within the sediment pores. In the far-field, outside the zone of pH
neutralization, adsorption is considered to be the dominant contaminant retardation process in the
vadose zone.

C.2. Recharge

Contamination residing in the deep vadose zone was in most cases driven there primarily by the
liquid waste discharges themselves and/or other unplanned liquid releases (e.g. water line leaks).
With the cessation of liquid waste disposal and improved water management controls, the
primary driving force has been shifting to drainage of meteoric water from natural precipitation
events (also as known as natural recharge).

The long-term natural driving force for flow and transport through the vadose zone is that
fraction of the precipitation that has infiltrated below the zone of evaporation and below the
influence of plant roots. That fraction of meteoric water that is eventually transported through
the vadose zone flows to the water table, recharging the unconfined aquifer and carrying with it
any dissolved species. Gee et al. (1992) presented evidence from multiple experiments showing
that measurable diffuse natural recharge occurs across the lower elevations of the Hanford Site,
with rates ranging from near zero in undisturbed shrub-steppe plant communities to more than
100 mm/year beneath the unvegetated graveled surfaces. Fayer and Walters (1995) presented a
recharge distribution map for the Hanford Site that suggests recharge rates could range from over
50 mm/year for unvegetated sand to about 25 mm/year for cheatgrass covered sand. Last et al.
(2006a and b) presented a number of recharge classes for individual waste sites, based on soil or
surface barrier conditions and degree of vegetation coverage. Gee et al. (2005) estimated
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average drainage (recharge) rates for unvegetated sand at the 300 North Lysimeter Site for two
different time periods (1982-1993 and 1995-2004) at 54 and 73 mm/year, respectively. Fayer
and Keller (2007) updated these previous estimates as shown in Table C-i.

Table C-i. Estimated Long-Term Drainage Rates for Use in Hanford Assessments (after Fayer and
Keller 2007).

Estimated Long-Term Drainage Rates (mnr/yr)
Soil Type Shrub No Plants

Rupert sand (near U.S. Ecology) 5.0 30
Rupert sand (near IDF) 0.9 45
Rupert sand (elsewhere on Central 1.7 45
Plateau)
Burbank loamy sand 1.9 53
Ephrata sandy loam 2.8 23
Hezel sand <0. 1 8.7
Esquatzel silt loam <0. 1 8.6
Hanford formation sand np 62
Graveled surface np 92
Modified RCRA C barrier 0.1 0.1
Gravel side slope on surface barrier 1.9 33(a)
np = Not provided by Last et al. (2006a and b) or this data package.
(a) Tentative

Historically, billions of gallons of contaminated water were disposed to subsurface infiltration
structures and surface ditches and ponds. Most waste water disposal ceased by the mid- 1990s.
Currently, two facilities are penmitted to discharge to the vadose zone: the State-Approved
Liquid Disposal (SALD) Facility and the Treated Effluent Disposal Facility (TEDF). Numerous
discharges of water, collectively called miscellaneous streams, are also permitted but do not need
to be monitored unless they exceed certain discharge rates and annual amounts (DOE 1 999a).
Other possible sources of additional recharge water are roads, road shoulders and ditches,
parking lots, power and fire lines, flushing of potable water lines, and all structures that do not
have precipitation controls. These also fall under the miscellaneous streams permit. Source
events include accidental or intentional discharges of fluids, gases, and contaminants to the
environment. Unintentional releases include spills, tank leaks, and distribution pipe leaks. The
quantity, quality, duration, and phases of waste or fluid released are generally unknown. Other
potential source events include remediation activities that involve the injection or extraction of
liquid, chemicals, gases, and heat.

* CA3 Contaminant Fate and Transport Processes

Contaminants entered the vadose zone through a variety of liquid waste discharges, buried solid
waste, and unplanned releases. The nature and extent of contamination within the vadose zone
was affected by the waste chemistry and type of release. Technetium-99 and uranium were
carried into the deep vadose zone due to their mobility and driving forces from previous releases,
as well as nearby water releases and natural precipitation events. Technetium-99 and uranium are
expected to continue to migrate toward the groundwater when present as a dissolved component
of mobile pore fluids and driven by infiltrating water.
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The primary processes governing flow and transport through the vadose zone depend on the
physical and chemical nature of the geologic materials that make up the vadose zone (described
above) as well as the types, amounts, and compositions of the fluids that occupy the pore spaces
(Looney and Falta 2000, p. 13). Chemicals move through the vadose zone by a variety of
mechanisms, including advection with the bulk flow of the fluid phases, diffusion, and dispersion
within the fluid phases, and mass transfer between the phases. Many compounds interact
physically or chemically with the solid phase matrix of the vadose zone. For technetiumn-99 and
uranium, movement through the vadose zone is contingent on being dissolved within flowing
water (i.e., aqueous phase drainage). The flow of water through unsaturated soil depends on
interactions between rate of water infiltration, moisture content of the soil, textural
heterogeneity, and soil hydraulic properties. Infiltrating water provides the primary driving force
for downward migration of contaminants. Perched water zones and lateral spreading may
develop when vadose water accumulates on top of low-permeability soil lenses, highly cemented
horizons, or above contacts between fine-grained horizons and underlying coarse-grained
horizons (where the high matric potential of fine-grained horizons promotes lateral movement).
Unsaturated hydraulic conductivities may vary by several orders of magnitude depending on the
water content of the soils. The geothermal gradient has a small but steady impact on the
movement of water upward through the vadose zone. Enfield et al. (1973) used field
measurements of temperature and matric (matix) potential at a site about 1 kilometer (0.62 mile)
to the south of the 200 East Area to calculate an upward water flux of 0.04 mm/year.

Some of the liquids disposed or leaked to the vadose zone had properties that differed
significantly from the properties of pure water, and their rates and routes of movement through
the vadose zone may differ as well. The specific gravity of some waste leaked from single-shell
tanks ranged from 1.1 to 1.65 (Anderson 1990; Ward et al. 1997), which could enhance the
transport of contaminants. Increased density has been demonstrated to elongate contaminant
plumes vertically and reduce lateral spreading caused by stratigraphic variations in hydraulic
properties (Ward et al. 1997). Viscosity of the liquids also influenced their movement through
the vadose zone, generally inhibiting flow due to viscosities often several times higher than
water. The properties of these fluids will change as contaminants are diluted, sorbed, or the fluid
evaporates into the sediment air space.

The rate of gas movement in the vadose zone is affected by the magnitude of any barometric
pressure changes and temperature gradients. The vadose zone across the entire Hanford Site
experiences temperature changes due to diurnal and seasonal temperature changes at the soil
surface. The magnitude of the temperature changes diminishes with depth; at 10 meters (32.8
feet), the seasonal change appears to be less than 1PC (33.8' F) (Hsieh et al. 1973). In addition to
the near-surface temperature changes, a steady upward geothermal gradient exists that drives gas
(and water vapor) upward. The elevated temperatures of waste in the single-shell tanks are
calculated to have induced local movement of both liquids and vapor (CHG 2002 -
Appendix D).

The formation of colloids and occurrence of colloid-facilitated transport of contaminants were
identified by the Vadose Zone Expert Panel as a potentially important processes affecting vadose
zone transport (DOE 1997). At waste sites that received highly concentrated waste from leaking
tanks, conditions may have existed for colloid formation (Mashal et al. 2004). However, data are
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insufficient to adequately characterize the potential for colloidal transport. Zhuang et al. (2004)
found that several interacting mechanisms might be involved simultaneously during colloid
transport, but that their importance depends on the chemical and physical properties of the
colloids and transport media as well as the environmental conditions. Current understanding of
colloid-soil interactions and the ability to predict transport of colloids in natural subsurface
media is limited. However, for most waste sites at Hanford, the low water contents and
relatively simple geochemistry are not conducive to colloid formation or colloid-facilitated
transport. Zhuang et al. (2007) suggest that colloid transport and mobilization in the deep soils at
Hanford might be limited or insignificant except under instable water flow conditions.

The predominant direction for contaminant movement is downward, due to gravity. Variations
in the hydraulic properties and the presence of impeding features such as bedding interfaces,
caliche layers, and man-made features (e.g., underground tanks, pipelines) can locally alter and
redirect the movement laterally. Relatively simple stratigraphic layering can give rise to
significant variations in water content distributions and enhanced lateral spreading that impedes
vertical migration of contaminants. Various preferential pathways such as clastic dikes and
fractures are capable of concentrating or contributing to phenomena such as fingering and fuinnel
flow. Preferential flow has been documented along poorly sealed well casings at the Hanford
Site (Baker et al. 1988) and transport along clastic dikes may be potentially important (DOE
1997). Murray et al. (2003) suggest that clastic dikes might serve as a conduit for more rapid
movement of mobile contaminants to the water table, but only under a restricted set of recharge
(or leak) conditions. The Vadose Zone Expert Panel (DOE 1997) stated that a likely mode of
transport for leaked or disposed tank waste in the Hanford geology is along preferential, vertical,
and possibly tortuous pathways. Simulations of the effects of clastic dikes have been performed
in many risk assessments (DOE 1999d, 2006; Mann et al. 2001; CHG 2002), but any effects
have a small influence (< 5%) on total risk, even when the clastic dikes are placed to optimize
contaminant movement.

The fate of contaminants in the vadose zone depends on geochemnical conditions and processes
(e.g., solubility, desorption, advection) controlling the release and migration of contaminants
such as uranium, the speciation of the contaminant, residence time, and microbial activity.
Sediment has the capacity to sorb many contaminants from solution. The amount of sorption is a
function of many factors, including mineral surface area and type, contaminant type (speciation)
and concentration, overall solution concentration, pH, Eh, and reaction rates for the controlling
adsorption or precipitation, dissolution, and hydrolysis reactions. Some contaminants do not
sorb at all (i.e., soluble anions such as nitrate, chromate, and pertechnetate) and are moved along
with the bulk solution. The flux rate of contaminants through the vadose zone is affected by both
the physical mechanisms of fluid transport (e.g., advection vs. diffusion) and the processes that
control solute concentrations of contaminants of concern. The linear isotherm K1 construct has
been shown to adequately describe contaminant behavior for most vadose zone fate and transport
in the Hanford Site sediments (Cantrell et al. 2002, 2003; Seine and Kaplan 2000; Krupka et al.
2004). Contaminant solute concentrations are affected by sorption in the far-field and sometimes
by dissolution/precipitation reactions between waste liquids of extreme pH and the slightly
alkaline sediment in the near field. Sorption delays downward movement of the contaminant and
allows degradation processes to occur (e.g., radioactive decay) and, for some, irreversible
incorporation into the sediment. For conditions that involve dilute pore water chemistry, sorption
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can generally be described using a simple linear relationship (i.e., a distribution coefficient or
Kd) that is determined empirically. However, conditions near some waste sources (near-field) are
so variable due to the strong influence of the waste chemistry that the Kd approach may not be
appropriate for predicting the retardation of contaminants. This is the case for hot, highly
concentrated tank wastes in contact with Hanford sediment. Reactions between the sediment and
highly acidic or highly basic waste are also important.

CA Waste Sites of Potential Concern

Waste disposal in the Central Plateau evolved over time and relied on a number of different types
of waste sites and disposal strategies. These included (1) high volume low-concentration liquid
discharges primarily associated with cooling water, (2) low-volume highly concentrated liquid
waste from chemical separation processes or leaks and (3) solid waste burial. Significant
concentrations of constituents such as technetium-99, uranium, and nitrate are generally not
found in the vadose zone beneath the highest volume low-concentration liquid discharge sites.
However, significant concentrations and inventories of mobile constituents are found beneath the
low-volume high concentration liquid release sites. Significant inventories of mobile
constituents have also been identified for some solid waste sites (Kincaid et al. 2006). The
extent of contamination that may have been released from these sites is unknown; however, the
release of contaminants from these solid waste forms and waste packages as well as the
relatively low driving force suggests that the majority of the contaminants associated with solid
waste is unlikely to have migrated deep into the vadose zone (Eslinger et al. 2006).

The purpose of this section is to review available information on waste sites with deep vadose
zone contamination (inventories, potential risk to groundwater, and depth of contamination).
The focus of this assessment is on low-volume high-concentration liquid waste sites where
technetium-99 and uranium are believed to have migrated and still remain deep in the vadose
zone. Information related to nitrate in the vadose zone was not sufficient to use as a
distinguishing factor in assessing the target problems. However, information about nitrate for
sites with technetium-99 and uranium is included in the tabulation of target problems.

The nature of the subsurface geologic materials playing host to the deep vadose zone
contamination was considered in the waste site assessment. As shown in Figure C-i, by far the
predominant geologic materials impacted by waste site releases, is the Hanford formation,
although significant concentrations can also be found in the Cold Creek unit beneath 200 West
Area. The nature of Hanford formation materials varies from 200 East Area to 200 West Area
and from north to south. Thus, four main geographic areas are considered for defining target
problems. In keeping with the geographic areas defined by Last et al. (2006a), these are:

1. A, Southern 200 East Area
2. B, Northwestern 200 East Area
3. 5, Southern 200 West Area
4. T, Northern 200 West Area

Waste sites where constituents of interest to this study (uranium, technetium-99, and nitrate)
have penetrated deep in the vadose zone, present a potential threat to degradation of the
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unconfined aquifer. A recent analysis by Eslinger et al. (2006), conducted to better understand
the relative threat to the unconfined aquifer from waste sites in the vadose zone of the Central
Plateau region, used inventory, contaminant release into and from the vadose zone, and
hypothetical concentrations in groundwater to rank the threat posed to the aquifer by individual
waste sites and groups of waste sites. Note that recharge rates and groundwater flow rates play
an important roll in predicting the hypothetical groundwater concentrations. Because remedial
action decisions will be made for groups of sites, rather than individual sites, Eslinger et al.
(2006) grouped individual waste sites into 32 groups that received similar wastes and were
located in the same geographic area. Note also that Eslinger et al. (2006) included future solid
waste disposal in their analysis, much of which would be derived from cleanout and closure of
high-level waste tanks. However, since solid waste and in particular future solid waste is not
expected result in deep vadose zone contamination, solid waste was excluded from this analysis.

C.4.1. Inventory

Corbin et al. (2005) published the results of the Soil Inventory Model (SIM), Rev. 1 to provide
insight into contaminated soil inventories associated with the liquid waste disposal sites,
unplanned releases, and tank leaks at the Hanford Site and their associated uncertainty. Further
information on the design and users guide for SIM are documented by Anderson et al. (2007)
and Simpson et al. (2007). Kincaid et al. (2006) used the SIM results in combination with other
records and projections to produce a best-estimate cumulative inventory of radioactive
contaminants for all potentially significant waste sites through 2005.

Eslinger et al. (2006) found that based on the cumulative inventories, the waste site groups listed
below (along with some representative sites), excluding solid waste, pose the greatest threat to
groundwater from technetium-99 (see Figure C-6).

* BC cribs and trenches (e.g., 216-B-14, -18)
* BY cribs and vicinity (e.g., 216-B-46, -49)
* T Tank Farm and vicinity (e.g., 241-T-106)
" S/SX Tank Farms and vicinity (e.g., 241 -SX- 108)
* U cribs (e.g., 216-U-i and -2)

Examination of the cumulative inventories for uranium (e.g., uranium-234 through -238) suggest
that the following groups of sites (along with some representative sites), excluding solid waste,
pose the greatest potential impact/risk to groundwater from uranium:

0 200 East Ponds Region (216-A- 19, -25)
* U cribs (216-U-8, -12 -1 and -2)
0 B Plant cribs and trenches (216-B-12)
* B/BX/BY Tank Farms (241 -BX- 102)
* PUREX cribs and trenches (21 6-A-4)
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Figure C-6. Cumulative Inventory, in Curies, of Technetium-99 (decay corrected to 2007) by

Site Group (after Eslinger et al. 2006).
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C.4.2. Potential Releases Into and Through the Vadose Zone

Eslinger et al. (2006) conducted additional analyses of releases into and through the vadose zone,
to examine the threat of contaminants to the unconfined aquifer each year. This analysis
examined cumulative releases of selected radionclides (in curies) that might occur over four time
periods: (1) 1944 through 2005, (2) 2006 through 2100, (3) 2 101 through 3 100, and (4) 3 101
through 12000. Figure C-7 shows the results for the cumulative release of technetium-99 from
each group of waste sites into the vadose zone. This analysis found that the following waste
sites, excluding solid waste, pose the greatest threat to groundwater from technetium-99:

" BC cribs and trenches
" BY cribs and vicinity
" T Tank Farm and vicinity
" S/SX Tank Farmis and vicinity

They further suggested that the greatest impact and risk to groundwater from uranium was from
the Plutonium-Uranium Extraction (PUREX) Plant cribs and trenches, the U cribs, Reduction-
Oxidation (REDOX) Plant cribs and trenches, TY cribs and vicinity, and past releases from the
B/BX/BY and U Tank Farms.

This analysis found that the largest, early impacts of technetium-99 on the groundwater may
come from:

1. S/SX Tank Farms and vicinity
2. BY cribs and vicinity
3. BC cribs and trenches
4. T Tank Farm and vicinity
5. Solid Waste overlying the 200-ZP-1I Operable Unit

Future threats to groundwater from uranium isotopes were found to arise from:
1. B/BX/BY Tank Farms
2. PUREX cribs and trenches
3. U cribs

C.4.3. Depth of Contamination in the Vadose Zone

DOE (2007c) in their efforts to evaluate supplemental data needs for the Central Plateau
Operable Units, binned the waste sites into several model groups based on an updated
understanding gained from the remedial investigations. This analysis did not include a number of
waste sites that were on a different remedial investigation/feasibility study path. These included
the tank farm areas, the BC cribs and trenches and the U cribs and trenches (all of which are
known to have deep contamination). Each bin (i.e., model group) contained waste sites with
similar features regarding contaminant distribution and potential risk pathways. Two of these
model groups include sites with contaminants of concern in the deep vadose zone (generally
defined as greater than 4.6 meters (15 feet) below ground surface [bgs]).
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Figure C-7. Numerically Simulated Cumulative Release (not decay-corrected) of Technetium-99

from the Vadose Zone into the Groundwater by Site Group (after Eslinger et al.
2006).
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Model Group 2, Deep Sites (e.g., 216-B-43 through 216-B-50 cribs, also known as the BY cribs)
are sites characterized by deeper contamination (generally below 4.6 meters [ 15 feet] bgs). These
sites do not pose risk to human or ecological receptors for the 0 to 4.6 meter (15 foot) zone;
however,, deeper contaminants likely are present and may pose risk to groundwater and potential
future intruders.

Model Group 6, Shallow and Deep Sites (e.g., 216-T- 14 through 216-T- 17 trenches) are
characterized by both deep and shallow contamination (DOE 2007c). Site contaminants may
pose risk to human and ecological receptors, potential future intruders, and the groundwater. A
summary of the sites identified as having deep vadose zone contamination as depicted by the
three model groups is provided in Table C-2.

A comparison of the sites included in the waste site groupings of Eslinger et al. (2006) found to
have technetium-99, uranium, and/or nitrate likely to impact groundwater (i.e., within model
groups 2 and 6 of DOE (2007c) as well as the Tank Farm sites, the BC cribs and trenches, and
the U cribs and trenches believed to have deep vadose zone contamination, yields a fairly
comprehensive list of sites with these constituents deep in the vadose zone (see Table C-2).
Table C-2 also bins the sites by geographic area and corresponding hydrogeologic conceptual
models based on those used by Last et al. (2006b).

CAA.4 Primary Target Problem Sites

Of most importance to this study are those sites where large inventories of key constituents (i.e.
technetium-99 and uranium) have penetrated deep in the vadose zone and present a potential
threat to degradation of the unconfined aquifer. Disposal inventories (Kincaid et al. 2006;
Corbin et al. 2005), depth of contamination (DOE 2007c), and potential risk to groundwater
(Eslinger et al. 2006), were evaluated to define the target problem sites to define the basis for
evaluation of deep vadose zone remediation technologies (see Table C-2). The characteristics of
these target problem sites were also used to assess technology applicability and to identify
suitable candidate sites for field testing components of the treatability test.

One of the primary resources used to evaluate potential target problems was an analysis by
Eslinger et al. (2006). This analysis was conducted to better understand the relative threat to the
unconfined aquifer from waste sites in the vadose zone of the Central Plateau region, and used
inventory, contaminant release into and from the vadose zone, and hypothetical concentrations in
groundwater to rank the threat posed to the aquifer by individual waste sites and groups of waste
sites. Because remedial action decisions will be made for groups of sites, rather than individual
sites, Eslinger et al. (2006) grouped individual waste sites into 32 groups that received similar
wastes and were located in the same geographic area. Based in large part on the analysis by
Eslinger et al. (2006) (see Table C-2) supplemented by site inventories and other information, the
target problem sites for technetium-99 and uranium were identified as follows:

Technetium-99
" BC cribs and trenches (216-B-14, -18)
" BY cribs and vicinity (216-B-46, -49)
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*T Tank Farm and vicinity (241 -T- 106)
NS/SX Tank Farms and vicinity (24 l-SX-108)

Uranium
* 200 East Ponds Region (216-A- 19)
* U cribs (216-U-8, -12, -1 and -2)
* B Plant cribs and trenches (216-B-12)
0 B, BX, BY Tank Farms (241-BX-102)
* PUREX cribs and trenches (21 6-A-4, -3, -9)
0 REDOX cribs and trenches (216-S-7, -1 and -2)
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Appendix D

Treatability Test Plan for Soil Desiccation
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Acronyms and Abbreviations
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency

FY fiscal year

IDF Integrated Disposal Facility
RLAW immobilized low activity waste
PUTREX Plutonium-Uranium Extraction (Plant)
SAP Sampling and Analysis Plan
WAC Washington Administrative Code
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Appendix D
Treatability Test Plan for Soil Desiccation

Treatability testing in the near term is envisioned to support evaluation of technologies for Tc-99
contamination in the vadose zone at sites such as the BC Cribs and Trenches. Soil desiccation
has been selected as the first technology for testing because it has been recommended as a
promising technology in previous Hanford technology evaluations and testing of soil desiccation
will provide useful information to enhance evaluation of other technologies, in particular gas-
phase remediation technologies. The soil desiccation treatability test approach follows the
general approach outlined in the Deep Vadose Zone Treatability Test Plan for the Hanford
Central Plateau (DOE 2008), to which this treatability test plan is an appendix. This approach
includes initial design analysis activities involving modeling and laboratory work to provide
design parameters for soil desiccation. Subsequent field testing includes evaluation of the
desiccation process (e.g., how the targeted interval is dried) and the long-term performance for
mitigation of contaminant transport. Plans for the field test activities included herein are based
on a conceptual design for soil desiccation. The final field test design will be completed based
on the results of design analysis activities.

Desiccation can be applied to remove excess water in the vadose zone (i.e., water from infiltrated
from waste disposal operations) and thereby has the potential to reduce the downward movement
of contaminants compared to a condition where no excess water is removed. The specific target
for applying desiccation and the associated impact on contaminant migration need to be
determined and are part of the objectives for this treatability test plan. The overall motivation for
considering desiccation as a potential remedy for the Hanford vadose zone provided by the
vadose zone technical panel (FHI 2006) was based on the relationship between contaminant flux
toward the groundwater and the soil moisture content. The panel provided a theoretical analysis
of contaminant flux for a deep homogeneous vadose zone where gravity-driven steady-state flow
is the dominates transport mechanism. Contaminant flux is proportional to the contaminant
concentration. After waste discharge ceases and in the absence of adsorption and reaction, the
contaminant concentration in the pore water becomes proportional to the soil moisture content.
As soil moisture content decreases, contaminant concentration increases as a linear function
(e.g., by the same factor of change). An increase in contaminant concentration would cause an
increase in contaminant flux. However, the contaminant flux is also proportional to the
unsaturated hydraulic conductivity in the vadose zone. As soil moisture content decreases, the
unsaturated hydraulic conductivity also decreases as a non-linear function (e.g., can change by a
much larger factor than the change in soil moisture). Thus, under the right conditions,
decreasing the soil moisture results in an overall decrease in the contaminant flux toward the
groundwater. However, the panel also recognized that there are uncertainties in how desiccation
will impact the more complex vadose zone setting of the Hanford Site.

The vadose zone technical panel provided an assessment of desiccation technology for
application at Hanford that describes both the potential benefits and the uncertainties with
respect to meeting the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) criteria for remediation alternatives (FHI 2006). The panel's description of key
benefits and uncertainties from this assessment is provided in the following paragraphs.
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"Long-term effectiveness and permanence. Desiccation provides both potential
resilience to extremes and climate change; however, it leaves significant questions
regarding long-term efficacy. Desiccation will result in a moisture deficit within
the drying zone. As a result, the zone of desiccation will draw water from
surrounding regions (particularly above the desiccation zone), thus significantly
reducing vertical migration of pore fluid from this region (at least until the soil-
water deficit is satisfied). Further, the zone of desiccation may act as a capillary
barrier (due to the extremely low moisture contents that will be present) until
partial rewetting occurs, thus reducing substantially vertical migration of water
and contaminants. Desiccation may also provide a natural resilience to extreme
recharge events, as the soil moisture deficit provides for storage of water within
the zone of desiccation. Finally, there is a possibility that desiccation may result
in formation of mineral species that entrap the technetium-99 and may be resistant
to dissolution upon increase in moisture content. From these arguments,
desiccation has a number of positive features with respect to long term
effectiveness and permanence.

At the same time, desiccation may lead to select subsurface behaviors that could
be detrimental to long-term effectiveness. First, through reduction in moisture
content without reduction in the mass of dissolved constituents, desiccation leads
to a significant increase in the concentration of the dissolved constituents. During
the long-term post-closure period, infiltration will become the dominant process
of water re-entry into the contaminated zone. If the desiccation process were to
significantly increase the pore-water concentration, and if the infiltrate were to
displace the contaminated pore water, then we hypothesize that a situation could
be created in which not only the concentration, but also the mass flux of
technetium-99, would increase at the water table for a period of time dependent
upon the infiltration rate and the hydrodynamic and transport characteristics of the
contaminants. This hypothesis requires conceptual model testing to verify and
bound. Conceptual model testing should also include effects of increased air
pressure on the vertical gradient in the water phase and possible creation of a
capillary barrier, that will hold moisture until a point of breakthrough (preferential
flow path) is established.

There is a final, long-term concern with the use of desiccation. Specifically, as
outlined in Truex (2004), a large number of wells will need to be drilled across
the treatment zone. Should these wells be drilled after installation of the
permanent infiltration control and/or should these wells be left in place (without
plugging) following completion of the desiccation effort, each well will represent
a possible preferential pathway for migration of recharge waters into the deep
vadose zone. This would be particularly of concern should the analysis of extreme
hydrologic events indicate a possibility for ponding at the surface. We suggest
that, should desiccation be applied, a temporary infiltration control strategy be
used during the period of desiccation with the permanent infiltration control
constructed after completion of desiccation operations and sealing (preferably
after removal of surface casing) of all boreholes used in the desiccation process.
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Reduction of toxicity, mobility or volume. This technology, when used in
conjunction with infiltration control, has the potential to reduce both volume and
mass flux of water / contaminants at the water table. Overall, it reduces the total
volume of contaminated water in the deep vadose zone (while, at the same time,
increasing the mean contaminant concentration in the water remaining in this
zone). As noted above, use of this technology in the absence of infiltration control
may have a deleterious effect leading to increased mass flux of contaminants at
the water table. Of minor concern, the possibility for formation of colloids
capable of being transported in the gas phase (during desiccation) should be
considered. Should colloids be formed and mobilized, there is potential both to
spread the contamination (horizontally) within the deep vadose zone and to
produce contaminated air at the extraction wells.

Short-term effectiveness. Desiccation provides two distinct advantages with
respect to short-term effectiveness. First, if successful, it will provide a means for
removal of some of the excess water derived from waste-disposal operations.
Secondly, because it is based on movement of the vapor phase and will lead to
overall lowering of the mean moisture content in the target zone, it is likely that
desiccation will be relatively robust to heterogeneity in the subsurface and may
specifically provide the ability to reduce the relative permeability of pathways
that are preferential for vertical liquid migration (e.g., locally connected layers of
fine-grained sediments). The ability of desiccation to minimize the impact of
heterogeneity should be studied through numerical modeling.

Implementabiity. Technologies for soil vapor extraction have been discussed by
many authors (e.g., Chai and Miura 2004; Nobre and Nobre 2004; Shan et al.
1992; Falta et al. 1993 and many others). Further, Cameron et al. (2002) have
designed and conducted a field test for injection and withdrawal of a gas phase
through the Hanford sediments. Hence, the technology is readily available. Of
greater concern is the design of the well layout and determination of the working
parameters required to achieve the desired level of moisture removal within a
realistic time frame. A number of issues remain to be resolved prior to identifying
the final field design and, therefore, the degree to which this technology may be
implemented at Hanford.

Cost Initial cost estimates are contained in Truex (2004). It is noted that Truex
provided an uncertainty of -50% - +500%. There is concern that the initial
estimates have substantially underestimated the true cost of application of this
technology. Reliable cost estimates for this technology cannot, however, be
determined until a number of the design questions have been addressed. These
include improved estimates of well spacing, capital and operating costs of
producing large volumes of dried air, etc." (FHI 2006)

The vadose zone technical panel also provided guidance on the type of
uncertainties that need to be resolved before applying desiccation as part of a
remedy (FHI 2006). Categories of uncertainties identified by the panel are listed
below:

*Uncertainty Regarding Quantity of Water to Be Removed by Desiccation
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* General Limitations on Rate of Water Removal
" Energy Limitations on Volume of Water Removed
* Osmotic Effects on Volume of Water Removed
" Chemical Effects of Desiccation
* Installation of Injection/Extraction Wells

The assessment of desiccation by the vadose zone technical panel included the recommendation
"... .that desiccation be considered as a possible companion technology to infiltration control, but

that additional study be conducted prior to making a decision regarding its full-scale use at the
Hanford Site" (FHI 2006).

Conducting treatability testing as described herein is consistent with this recommendation.

D.1 Test Site Description

The target site for the soil desiccation treatability test is the BC Cribs and Trenches. This site
was selected because it is known to have technetium-99 contamination in the vadose zone,
characterization data for the vadose zone is available, and significant additional vadose zone
characterization is being conducted in the near term (DOE 2007). Previous characterization
efforts have included electrical resistivity measurements to characterize the subsurface
distribution of contaminants in three dimensions (Figure D-1) and limited physical sampling.
These data suggest that contaminants including technetium-99 and nitrate have penetrate deep
into the vadose zone and are widespread across most of the BC Cribs and Trenches waste
disposal area (Figure D-2). Detailed characterization has been conducted for a borehole located
at the B-26 trench to provide vertical information about the distribution of sediment and
contaminant properties. Characterization activities are in progress to install five additional
boreholes in key locations identified by the electrical resistivity measurements (Figure D-3).
Theses boreholes will provide additional vertical information at these locations and will be used
to evaluate how well the electrical resistivity measurements correlate to direct measurements.
These data will be used to evaluate potential sites for a soil desiccation test. Additional
characterization will be needed at the selected field test site as described in Section D.3.2.3.

If it is determined that the initial testing should not be conducted at the BC Cribs and Trenches
waste site based on review of updated BC Cribs and Trenches characterization information and
the results of initial design analysis activities, the Sisson and Lu site is a potential "cold" site that
could be used for field testing. The 299-E24-1 11I test facility, commonly known as the Sisson
and Lu site, is located between the immobilized low activity waste (ILAW) disposal site (now
known as the Integrated Disposal Facility [IDF] site) to the west, the 21 6-A-3 8-1 crib to the east,
and the plutonium-uranium extraction (PUREX) facility to the northeast. This site was originally
developed in the early 1980's to support injection tests aimed at improving the understanding of
subsurface vadose zone transport. Previous work at this site included sampling, geophysical
logging, and infiltration experiments as reported by Sisson and Lu (1984), Fayer et al. (1993,
1995), Rockhold et al. (1999), and Ward et al. (2006). This site, and the area immediately west
and south (part of the ILAW facility) has also been extensively studied to characterize the
lithologic, geochemical, and hydraulic properties as part of the ILAW performance assessment
(e.g., Fayer et al. 1995).
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D.2 Objectives

This section identifies the soil desiccation treatability test performance objectives. A data quality
objectives process will be conducted as part of the final test design process at the completion of
the design analysis element of the treatability test. The overall objectives of the soil desiccation
treatability test are as follows:

0 Determine the design parameters for applying soil desiccation, including operational
parameters such as air flow rate and injected air properties (e.g., temperature and humidity),
and identifying soil moisture reduction targets to achieve acceptable reduction of
contaminant transport in the vadose zone.

* Demonstrate field-scale desiccation for targeted areas within the vadose zone.

o Quantify the air flow, water extraction rate, and other operational parameters to
evaluate implementability of the process on a large scale

" Determine the extent of soil moisture reduction in the targeted treatment zone to
evaluate the short-term effectiveness of the process.

o After desiccation is completed, determine the rate of change in soil moisture for
the desiccated zone.

" Determine the best types of instrumentation for monitoring key subsurface and
operational parameters to provide feedback to operations and for evaluating long-
term effectiveness.

* Determine the number of injection and extraction wells, screened intervals, type of
equipment and instrumentation, and operational strategy such that costs for full-scale
application can be effectively estimated.

D.3 Conceptual Design and Testing Approach

This section outlines the conceptual design of the test. This design, related information, and
testing procedures will be refined based on the characterization information collected as part of
ongoing BC Cribs characterization, during and just after installation of the test site wells and
using the results of the modeling and laboratory efforts conducted as part of the soil desiccation
design analysis.

D.3.1. Conceptual Design

The conceptual design for desiccation is based on injection of dry air into a targeted interval of
the vadose zone and extraction of air and soil moisture from this area. Figure D-4 shows a
schematic of this operation and the basic equipment necessary. The conceptual model shows a
single injection well and a single extraction well as a conceptual example. The number of wells,
well spacing, open intervals, and well configuration details will be developed in a design analysis
based on modeling and laboratory efforts. However, the conceptual design includes the primary
desiccation operational processes and can therefore be used to identify the system components
and the operational and performance monitoring necessary for the field test.
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For the field test, extracted soil moisture will be quantified based on air flow rate, temperature,
and relative humidity of the extracted air to assess the total amount of water removed. Primary
data for desiccation operations will be air flow rates, air pressures, relative humidity, soil
moisture content, and tracer concentrations. Surface and cross-hole methods such as electrical
resistance tomography will also be evaluated as a means to volumetrically monitor the
desiccation process. Periodically, condensed moisture from the extracted air will be quantified
and analyzed for contaminants and other solutes. Long-term performance monitoring will focus
on soil moisture and contaminant concentrations. Periodic operation of the desiccation system
and associated tracer and soil moisture monitoring may also be employed to evaluate long-term
performance.

relativeExhaust
Airhu iiy

Tracer pressure, and

DesirccationCndse
and Soil moisture andfowae

heating tracer monitoring smln

Figure D-4. Conceptual Design for Soil Desiccation Test. (Note: The number of wells, well
spacing, open intervals, and well configuration details will be developed in a design
analysis based on modeling and laboratory efforts.)

D.3.2. Treatability Test Activities

The overall project work scope is to demonstrate soil desiccation at the field scale. This work
scope is divided into six tasks as follows:

1. Project Management

2. Soil Desiccation Design Analysis Bench-Scale Treatability Testing
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3. Pilot-Scale (Field) Test Site Characterization

4. Pilot-Scale (Field) Desiccation System Installation and Operations

5. Pilot-Scale (Field) Performance Assessment Monitoring

6. Data Analysis and Reporting

Each task is described in the following sections. Project field test instructions will be prepared

prior to field work to describe details of specific field activities noted in the following sections.

D.3.2.1. Project Management

Project management will be provided to ensure that the project is conducted to address the
defined objectives and to manage the scope and budget associated with meeting these objectives.

D.3.2.2. Soil Desiccation Design Analysis Bench-Scale Treatability Testing

The efforts for the design analysis bench-scale testing are focused on providing the technical
basis for implementing desiccation and selecting a desiccation target (e.g., end point soil
moisture content) that is predicted to mitigate contaminant transport in the vadose zone. The soil
desiccation design analysis requires several steps. Site-specific subsurface information is needed
as parameters for input to the design process. Laboratory experiments to determine desiccation
process parameters are also necessary as input to the design. Modeling of the desiccation
process and prediction of the impact on water and contaminant migration in the vadose zone is
needed to determine the targeted desiccation zone and end-point soil moisture content for the
field test. The information from these activities can then be used as input to engineering
calculations and design modeling for determining the system equipment, well configuration, and
operational parameters for the pilot-scale field test.

Site-specific subsurface information for the test site will be compiled from existing data and
through the characterization activities outlined in Section D.3.2.3. This information will be used
to build the hydrogeologic model of the subsurface as the starting conditions for the field test and
to configure a model for use in desiccation field test design. Key information to be collected and
compiled includes the following items. This initial site information will be used to select an
appropriate specific location for the field test:

*Air permeability of likely targeted desiccation depth interval
*Heterogeneity, especially in terms of the distribution of sandy and silty layers within

the likely targeted desiccation depth interval
*Intrinsic properties of key sediment types
*Moisture content distribution
*Evaluate permeability-moisture content relationships
*Contaminant distribution
*Surface features that may constrain field testing (including configuration of existing

wells)

Laboratory experiments will be conducted to define and verify desiccation process parameters.
Previous and ongoing work has provided information on the energy balance considerations
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necessary for designing desiccation systems (Ward et al. 2008). These experiments have
quantified the evaporative cooling effect of desiccation and provide a basis for use of
temperature as a potential monitoring parameter for the desiccation process. Additional
experiments are needed to build on these previous efforts to verify and calibrate the model to be
used for the desiccation field test design, quantify solute concentration effects on the desiccation
process and solute transport after desiccation, and evaluate use of gas-phase tracers for
desiccation monitoring. A series of intermediate-scale experiments will be conducted to
determine appropriate design parameters. Laboratory test plans will be developed for these
activities and submitted for technical review to the regulatory agencies. Key elements of the
laboratory investigation to support model configuration and field design are described in the
following paragraphs:

"Improved understanding and description of desiccation processes for relevant
heterogeneities is needed to support design of desiccation in the Hanford subsurface.
Two issues to be investigated are how the scale of the heterogeneity (i.e., thickness of the
low permeability zone) and amount of permeability contrast for sediment heterogeneities
impact the desiccation process. Data are needed to define how the heterogeneities impact
the desiccation front and humidity in the permeable zone and the extent and timeframe
for desiccation of low permeability zones. This information is needed as a function of the
scale and permeability contrasts expected in the Hanford vadose zone. These
experiments will be conducted in relatively large flow cells so that appropriate scales of
heterogeneity can be included in the tests.

" Solute concentration can impact desiccation due to increased osmotic pressures that result
as water content decreases and solute concentrations increase. While this effect is
anticipated to occur, the magnitude of the impact on desiccation under conditions
relevant to the Hanford subsurface needs to be determined. A series of soil column
experiments will be conducted to quantify the solute impact on desiccation. These data
are important for implementing desiccation. Additionally, information about the
distribution of solutes at the end of desiccation is needed as part of evaluating future
contaminant migration after desiccation. Thus, the data collected in soil column
experiments will feed into additional laboratory work where tests will examine solute
movement upon re-wetting of desiccated zones through capillary and osmotic forces, via
soil gas humidity, and through recharge.

" There may be a combined effect of solute concentrations and heterogeneities on the
desiccation process and subsequent contaminant migration. Thus, the flow cell
experiments with heterogeneous packing will also be conducted to include a relevant
initial distribution of solutes. These experimental data will provide a means to quantify
any combined impact on the desiccation process and feed into subsequent tests examining
solute movement upon re-wetting of desiccated zones through capillary and osmotic
forces, via soil gas humidity, and through recharge.

" Laboratory monitoring of experiments will also include evaluation of appropriate
methods for desiccation monitoring during the field test.

Modeling efforts will build on the ongoing studies applied to the BC Cribs area and desiccation
processes (Ward et al. 2008 and 2004). Previous modeling of the desiccation process provides
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important information for desiccation design. The simulations demonstrated how influent air
pressure (flow rate), relative humidity, and temperature and subsurface heterogeneities impact
the desiccation process. The simulations also demonstrated the potential for air flow short
circuiting from the ground surface. Using information from the site characterization and
laboratory experiments, additional simulations will be conducted to identify an appropriate
desiccation target intervals in the subsurface. The target intervals will be selected based on the
ability to obtain sufficient soil moisture reduction to mitigate future water and contaminant
migration toward the water table. These simulations will examine a range of targeted post-
desiccation soil moisture content for the targeted interval as input to selecting a desiccation target
for the test. Based on these simulations and the BC Cribs characterization results, a test site and
appropriate testing depth interval will be selected. Shallower depths that will provide testing
data relevant to the BC Cribs and Trenches waste site may be advantageous because direct-push
techniques are more feasible and would allow for a higher density of monitoring probe locations
within the test site. In conjunction with evaluating acceptable performance targets, design
simulations will be conducted to assess well configurations, air flow rates, and temperatures to
determine the appropriate test system design. This information will be used to specify the
system equipment and operational parameters. A simulation plan will be developed for these
activities and submitted for technical review to the regulatory agencies. Key elements of the
modeling effort are described in the following paragraphs:

"Modeling of laboratory experiments and comparisons to previous related efforts will be
conducted to verify or refine descriptions of desiccation processes in the model.
Similarly to the modeling component of the energy balance experiments reported by
Ward et al. (2008), laboratory experiments will be closely coordinated with the modeling
effort. Laboratory verification of model configuration is important so that the model is
technically defensible for predicting field scale desiccation and subsequent contaminant
migration.

* Limited desiccation modeling as a continuation of the scoping simulations reported by
Ward et al. (2008) will be conducted and potentially expanded to use the BC Cribs model
configuration reported by Ward et al. (2004). These scoping simulations will provide
input to selection of a desiccation target and subsequent modeling and laboratory
activities that will be needed to support a technically defensible desiccation target that is
based on expected performance of the desiccation process and the predicted impacts on
contaminant transport.

" The primary modeling activity will be to configure an appropriate model and use it for
design simulations. The model configuration will build on the previous BC Cribs model
and recent desiccation modeling (Ward et al. 2004 and 2008) and will incorporate
information from the BC Cribs site characterization activities and laboratory tests.
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D.3.2.3. Pilot-Scale (Field) Test Site Characterization

Air permeability, site heterogeneity, moisture content distribution, contaminant distribution, and
intrinsic properties of key sediment types are needed to support design of the pilot-scale (field)
desiccation test as described in Section D.3.2.2. Most of these data will be generated from the
planned characterization effort at BC Cribs on a large scale. Details of the BC Cribs
characterization plan are documented in the Sampling and Analysis Plan for Electrical Resistivity
Correlation for the BC Cribs and Trenches Area Waste Site (DOE 2007).

Based on the results of the BC Cribs and Trenches waste site characterization (DOE/RL 2007), a
specific testing location for the pilot-scale (field) desiccation test will be selected. It is
anticipated that the field test will be located near an existing well that can be used to induce
airflow within the targeted depth interval (e.g., through collaboration with the BC Cribs and
Trenches characterization efforts). Depths and locations direct push installation of pressure
probes and gas sampling locations will be identified for use in conducting initial air permeability
and gas distribution tests at the targeted interval. If an existing well is not available at an
appropriate interval, depths and locations for one of the field test wells will be determined based
on the initial design analysis work and direct-push installation of probes and gas sampling
locations will identified. This initial set of wells and associated monitoring locations will be
installed and used to collect the site-specific characterization parameters discussed in Section
D.3 .2.2. Additionally, use of seismic techniques to provide stratigraphic information about he
selected test site will be evaluated and implemented if appropriate. The data from these wells
will be used to finalize the desiccation test design.

D.3.2.4. Pilot-Scale (Field) Desiccation System Installation and Operations

Installation of the pilot-scale (field) desiccation test system will be conducted in phases based on
a design that will be developed using the results of the design analysis (Section D.3.2.2) and the
test site characterization (Section D.3.2.3). As described in Section D.3.2.3, some of the test
system wells and monitoring locations will be installed to the target depth interval to obtain test
site specific characterization information. A field test plan will be prepared based on this
information to define the details of system design, sizing, operations, sampling requirements, and
waste management. Once the final test plan is approved, the remainder of the injection,
extraction, and monitoring network will be installed. During installation, sediment samples will
be collected to establish baseline conditions. Above-ground equipment will also be installed and
tested at this time.

Desiccation testing operations will consist of maintaining the selected injection and extraction air
flow rates and conditions (e.g., dry air) while monitoring operational parameters (see Figure D-4
for a conceptual design). Key operational parameters include the relative humidity, temperature,
and air flow rates and pressures at the injection and extraction wells. Periodically, exhaust gas
will be diverted through a condenser so that moisture can be collected, quantified, and measured
for solutes.

Monitoring the desiccation process in situ will require multiple types of measurements. At
selected monitoring locations between the injection and extraction locations in-well
measurements will be collected to monitor breakthrough of injected air (i.e., via tracers) and the
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desiccation front. Data collected at these selected monitoring locations will include gas-phase
samples (relative humidity, temperature, and tracer concentration) and in situ temperature (e.g.
thermocouples) and humidity (e.g. thermocouple psychrometers) monitoring. Volumetric
measurement of desiccation performance is needed to evaluate the sweep volume of the injected
gas and the volume of the desiccated zone. Gas-phase tracers may be injected with the dry air to
assist in monitoring air flow within the subsurface and to periodically help interpret the soil
moisture conditions in the targeted area by use of partitioning tracers. Electrical resistance
tomography and other surface and cross-hole techniques will be evaluated as a means to provide
volumetric information about changes in the subsurface conditions during desiccation and
augment the tracer information. These volumetric measurements in conjunction with monitoring
well data and above ground data will provide temporal monitoring of the process. Confirmation
sampling will be conducted at intervals determined from the temporal monitoring data to
evaluate the soil moisture content in the desiccation zone. The confirmation sampling will
involve drilling into the target area for collection of samples and use of down-hole probes (e.g.
neutron logging, time-domain reflectometry, fiber optic sensors). The drilling samples will also
be used to determine contaminant levels above, within, and below the desiccation zone.

D.3.2.5. Pilot-Scale (Field) Performance Assessment Monitoring

Once the desiccation process is completed, test operations will switch to long-term monitoring
for changes in soil moisture and contaminant concentrations within the targeted treatment zone.
Similarly to performance monitoring of surface barrier performnance, the performance monitoring
of desiccation is expected to continue for a long duration. Specific targets for performance
monitoring will be developed based on numerical model simulations of how soil moisture and
contaminant concentrations are expected to change over time. Methods of monitoring will
include gas-phase sampling (relative humidity, temperature, and tracer concentration), in situ
temperature (e.g. thermocouples), humidity (e.g. thermocouple psychrometers), soil moisture
contents (e.g. electrical resistance tomography techniques, neutron logging, time-domain
reflectometry, tensiometers, fiber optic sensors), periodic boreholes to obtain samples, and
periodic tracer tests using the desiccation air flow system.

D.3.2.6. Data Analysis and Reporting

Data analysis will be conducted in two phases. The first phase will involve assessment of the
desiccation process in terms of operational success and compilation of parameters that can be
used to support implementability, short-term effectiveness, and cost evaluation of the process.
This information will be available based on initial field test data and can be analyzed to provide
near-term information to describe desiccation as a potential technology in feasibility studies
(e.g., for the 200-BC-1 Operable Unit). Continued longer-term monitoring is needed to fully
evaluate desiccation performance in terms of mitigating contaminant migration. The second
phase of analysis will involve this long-term monitoring and quantifying how the desiccation
zone changes over time. A report for each phase will be prepared to document the
testing results.
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D.3.3. Equipment and Chemical Requirements

Table D- 1 is a preliminary listing of the primary equipment necessary for the pilot-scale (field)
desiccation test. Additional detail and equipment sizing will be determined after the design
analysis and test site characterization tasks (Section D.3.2.2 and D.3.2.3).

Table D- 1. Preliminary Listing of Primary Equipment for Desiccation.

Item Equipment

Refrigerated Air Drier

Injection Air Equipment Air Duct Electric Heater
High Pressure Regenerative Blower with Motor
Tracer Gas

Extrctio AirEquimentHigh Vacuum Positive Displacement Blower with Motor
Extrctio AirEquimentLiquid Separator for Sampling

Digital Pressure Gauge-Transmitter
Abov-GrundMontorig EuipentRelative Humidity/Temperature Transmitter
Abov-GrundMontorig EuipentAir Velocity Transmitter with Display

_____________________________Tracer Gas Monitor
Soil Moisture Monitoring

In Situ Monitoring Equipment Thennistors
__________________________Gas Sampling Pump

D.4. Sampling and Analysis

This section contains an outline of the Sampling and Analysis Plan (SAP). A full SAP will be
prepared and submitted for necessary approvals prior to field testing. Sample collection
requirements and location and frequency of sampling are provided in Tables D-2 and D-3,
respectively. Analytical requirements will be developed based on the results of the design
analysis (Section D.3.2.2), but are anticipated to be similar to the Sampling and Analysis Plan for
Electrical Resistivity Correlation for the BC Cribs and Trenches Area Waste Site (DOE 2007).
Other modifications to the SAP may be necessary depending on the results of the design
analysis. The SAP tables provide the type of measurements to be taken for three phases of test
monitoring. The pre-test monitoring is associated with establishing baseline pre-test conditions.
Operational monitoring is conducted during desiccation operations to follow the desiccation
process. Performance monitoring will be conducted after desiccation is complete to evaluate the
longevity of the desiccated conditions and assess contaminant transport over time.
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Table D-2. Sampling Requirements.

Media/ Volume/ Holding
Parameter Matrix Monitoring Phase Container Preservation Time

Moisture content Sedinent Pretest Monitoring Core sample Cool 4'C 45 Days
Operational Monitoring
Performance Monitoring ______

Physical properties (e.g. Sediment Pretest Monitoring Core sample Cool 4'C 45 Days
bulk density, particle Performance Monitoring
density, grain-size
distribution, porosity,
pore size distribution,
moisture retention
characteristics,
unsaturated and saturated
hydraulic conductivity)______ _____ ______

Contaminants Sediment / Pretest Monitoring Core sample Cool 4'C 45 Days
(N0 3-, Tc-99) Water Performance Monitoring _______

Geologic and Sediment/ Pretest Monitoring Core sample Cool 4'C 45 Days
mineralogic Water Performance Monitoring
characteristics (e.g.
sedimentary structures,
lithologic content,
secondary mineralization
[e.g. CaCO3], pore water
chemistry)_______

Borehole logging for Sediment Pretest Monitoring Field None N/A
moisture, radionuclides, Operational Monitoring Measurement
etc Performance Monitoring________

Electrical resistance Sediment Pretest Monitoring Field None N/A
tomography Operational Monitoring Measurement

Performance Monitoring ____________

Water potential Sediment Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ______ ____

Relative humidity Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ______ ____

Temperature Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ______

Tracer Air Pretest Monitoring Field None 14 days
Operational Monitoring Measurement/
Performance Monitoring Summa

Canister Gas
_________________ __________________________Sample _______ _____
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Table D-2. Sampling Requirements. (page 2 of 2)

Media/ Volume/ Holding
Parameter Matrix Monitoring Phase Container Preservation Time

Air flow rate Air Operational Monitoring Field None N/A
Measurement

Air pressure Air Operational Monitoring Field None N/A
Measurement

Barometric pressure Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ______ ____

Condensate solutes Water Operational Monitoring 20-i plastic Cool 4'C 45 Days
Performance Monitoring ______

Condensate volume Water Operational Monitoring Field NoneN/
(during water sampling) Performance Monitoring Measurement

N/A = Not applicable.
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Table D-3. Sampling Frequency and Location.

Parameter Monitoring Phase Sampling Location Sampling Frequency
Moisture content Pretest Momtormng Depth-discrete sampling in At time of installation

all installed boreholes _________________

Operational Monitoring Depth-discrete sampling Depends on other process monitoring
depending on other process results
monitoring results

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
___________________up to three boreholes results

Physical properties Pretest Monitoring Depth-discrete sampling in At time of installation
all installed boreholes

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
up to three boreholes results

Contaminants Pretest Monitoring Depth-discrete sampling in At time of installation
(N0 3 , Tc-99) ___________all installed boreholes

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
______________ ________________up to three boreholes results

Geologic and Pretest Monitoring Depth-discrete sampling in At time of installation
mineralogic ___________all installed boreholes
characteristics Performance Monitoring Depth-discrete sampling in Depends on other process monitoring

_________________up to three boreholes results

Borehole logging Pretest Monitoring In all installed boreholes At time of installation
for moisture, Operational Monitoring Up to two monitoring Depends on other process monitoring
radionuclides, etc boreholes results

Performance Monitoring Up to two monitoring Depends on other process monitoring
boreholes results

Electrical Pretest Monitoring Installed array At time of installation
resistance Operational Monitoring Installed array Every 2 weeks or depending on other
tomography process monitoring results

Performance Monitoring Installed array Every 2 weeks or depending on other
______________process monitoring results

Water potential Pretest Monitoring Installed moisture At time of installation
monitors

Operational Monitoring Installed moisture Daily or depending on other process
monitors monitoring results

Performance Monitoring Installed moisture Daily or depending on other process
monitors monitoring results

Relative humidity Pretest Monitoring All installed wells Baseline monitoring prior to test
Operational Monitoring Air injection/extraction Continuous for air injection/extraction

system and for all air system, at all sampling events for
_______________samples monitoring locations

Performance Monitoring For all air samples At all sampling events for monitoring
locations
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Table D-3. Sampling Frequency and Location. (page 2 of 2)

Parameter Monitoring Phase Sampling Location Sampling Frequency
Temperature Pretest Monitoring All installed wells Baseline monitoring prior to test

Operational Monitoring Air injection/extraction Continuous for air injection/extraction
system and for all air system, at all sampling events for

_______________samples monitoring locations
Performance Monitoring For all air samples At all sampling events for monitoring

locations
Tracer Pretest Monitoring All installed wells Baseline monitoring prior to test

Operational Monitoring Air injection/extraction Continuous for air injection/extraction
system and for all air system with sensor if possible, at all
samples sampling events for all locations for

Summa consiter samples
Performance Monitoring For all air samples At all sampling events for monitoring

locations with sensor if possible and
_______________Summa consiter samples

Air flow rate Operational Monitoring Air injection/extraction Continuous for air injection/extractoin
_______________system system

Air pressure Operational Monitoring Air injection/extraction Continuous
system and at all

____________ _______________monitoring wells

Barometric Pretest Monitoring Ambient Continuous
pressure Operational Monitoring Ambient Continuous

Performance Monitoring Ambient Continuous
Condensate solutes Operational Monitoring At condensate system At initial operation and then at

intervals depending on initial results
Performance Monitoring At condensate system At intervals depending on results

______________during operational monitoring
Condensate Operational Monitoring At condensate system At initial operation and then at
volume (during intervals depending on initial results
water sampling) Performance Monitoring At condensate system At intervals depending on results

____________ ______________ ________________during operational monitoring

D.5. Data Management

A project-specific database will be developed and maintained to collect, organize, store, verify!
validate, and manage analytical laboratory data and/or field measurements for environmental
samples. The data will be stored electronically in Microsoft Excel spreadsheets and paper copies
will be maintained in the project files. A project data custodian will be designated to control and
maintain the data. The following data will be contained, at a minimum, as part of the database:

" Sample identifier
" Sample location
* Sample medium type
* Sampling date
" Analysis date
" Laboratory name
" Analyte name

D-19



DOE/RL-2007-56, Rev. 0

" Concentration value
* Measurement unit.

Pertinent analytical data collected in the laboratory will be also be recorded in the Hanford
Environmental Information System.

D.6. Data Analysis and Interpretation

Discussion of the planned tests and sampling are found in Sections D-3 and DA4 This section
describes the plan for analysis of the operational and performance monitoring data.

DAL.1 Operational Desiccation Performance

Operational performance during desiccation will be assessed in terms of implementability, short-
term effectiveness, and cost evaluation of the process. Data for tracer arrival at monitoring and
extraction locations, the temporal variation of soil moisture and temperature at monitoring
locations, and electrical resistance tomography will be used to evaluate the sweep volume,
effective distribution of desiccation, and timeframe for desiccation. Soil moisture and tracer
concentrations will also be used to assess the end-point soil moisture at the monitoring locations
as a measure of the short-term desiccation effectiveness. Water removal during operations will
also be quantified as another measure of desiccation effectiveness. The ability to initiate and
maintain operational conditions (e.g., air flow rate, relative humidity) and the necessary
equipment and well spacing will be evaluated in terms of the implementability and cost for
desiccation operations.

D.6.2. Long-Term Performance

Long-term performance assessment is focused on the effectiveness of the desiccation in terms of
mitigating contaminant migration. Because contaminant migration is inherently slow in the
vadose zone, long-term performance assessment will include measuring both contaminant
migration and the maintenance of conditions that inhibit contaminant migration (e.g., low soil
moisture within the targeted desiccation zone). Modeling predictions of how desiccation impacts
contaminant and moisture migration will be used as a baseline for comparison with the measured
trends during the long-term monitoring period. A key monitoring parameter will be the duration
that soil moisture is retained below a target level, as determined based on modeling predictions
of the soil moisture that mitigates contaminant migration. If soil moisture increases, contaminant
concentrations will be evaluated against baseline concentrations to assess contaminant migration
and how desiccation affects concentrations during any continued migration.

D.7. Health and Safety

Safety and health issues relating to the treatability test are addressed in site-specific safety
documents that identify both radiological and industrial safety and health hazards, as well as
control measures for those hazards. Safety documents include specific training requirements for
all site workers and visitors. Job-specific health and safety plans covering drilling testing, and
monitoring activities will be prepared.
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D.8. Waste Management

All investigation-derived waste will be handled in accordance with applicable Hanford Site
requirements. Expected waste streams may include the following:

0 Soils brought to the surface during drilling activities

0 Miscellaneous solid waste such as filters, wipes, gloves and other personal protective
equipment, sampling and measuring equipment, pumps, pipe, wire, or plastic sheeting

* Water generated during characterization, operation, or monitoring

* Decontamination solutions

Waste will be designated in accordance with WAC 173-303, "Dangerous Waste Regulations"
using a combination of process knowledge, historical analytical data, and analyses of samples
collected from the site.

Spill Containment/Control. An inventory of spill clean up equipment and materials shall be
maintained on site. These will include shovels, absorbents, containers, plastic bags, wipes, and
large plastic sheets or tarps. Should a leak occur, the field lead engineer or designee shall be
notified and measures shall be taken to remedy the leak and minimize the spill as practical.

D.9. Reports

A test report summarizing the results of the treatability test will be prepared. The format of the
report will be based on the suggested outline for treatability test reports provided in the Guide for
Conducting Treatability Studies Under CERCLA (EPA 1992).

D.10. Schedule

The schedule of project activities associated with the field test is shown in Figure D-5. This
schedule was prepared to provide for the necessary design analysis, site characterization, and
field testing activities so operational information about the desiccation technology would be
available prior to completion of the feasibility study for the 200-BC-lI Operable Unit.
Performance information for desiccation would then be collected over a longer period of time.

In summary, design analysis bench-scale treatability test efforts are initiated in FY 2008 in
parallel with the characterization efforts ongoing at the BC Cribs and Trenches waste site. In the
last quarter of FY 2008, the BC Cribs and Trenches characterization data will be available so that
a specific location for the pilot-scale (field) desiccation test can be selected. The first field test
wells will be installed at the pilot-scale test site in early FY 2009 to support the necessary site-
specific characterization. A pilot-scale (field) test plan will be prepared using information from
these wells and from the design analysis. After approval of the field test plan, the pilot-scale
(field) desiccation system will be installed so that operation of the field test can commence
before the end of FY 2009. The test will be designed (e.g., an appropriate desiccation zone size
will be selected) so that the soil moisture target can be obtained within 6 months of operational
time. Information about the desiccation operations will be compiled for a Phase 1 report as input
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to the 200-BC-i Operable Unit feasibility study. The desiccated zone will then be monitored to
evaluate desiccation performance in terms of mitigating transport in the vadose zone. It is
anticipated that this performance monitoring will need to be continued for a long duration,
similar to the performance monitoring used to evaluate surface barrier performance.
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Treatability Test Plan for Uranium Contamination
in the Deep Vadose Zone
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Acronyms and Abbreviations
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
SAP Sampling and Analysis Plan
WAC Washington Administrative Code
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Appendix E
Treatability Test Plan for Uranium Contamination

in the Deep Vadose Zone

This treatability test plan is for testing of uranium remediation in the vadose zone based on
reactive gas treatment and provides a template for initiating these studies with a path forward to
subsequent field testing. As discussed in the Deep Vadose Zone Treatability Test Plan/or the
Hanford Central Plateau (DOE 2008a), to which this uranium treatability test plan is an
appendix, there are several potential technologies for vadose zone treatment of uranium. In
previous studies associated with evaluating technologies for application to the Hanford 200 Area
vadose zone, technologies requiring the addition of significant amounts of water to the vadose
zone were less preferred because of the potential for inducing uncontrolled migration of
contaminants and difficulties in controlling how added water moves through the vadose zone.
Thus, treatability testing efforts for uranium outlined in this plan are focused on gas-phase
technologies. A promising candidate technology for uranium, soil desiccation, will be tested as
described in Appendix D of the Deep Vadose Zone Treatability Test Plan for the Hanford
Central Plateau (Treatability Test Plan for Soil Desiccation) at a site with predominantly
technetium-99 contamination. Data from this desiccation test will be directly relevant for
potential application to uranium contaminated sites. The other candidate gas-phase technologies
are based on use of a reactive gas to promote precipitation of uranium in the vadose zone such
that the uranium mobility is significantly decreased. These candidate reactive gas technologies
were selected for evaluation in this uranium treatability test.

There are significant technical questions about the candidate reactive gas technologies that need
to be addressed prior to field testing. This test plan includes a design analysis effort to evaluate
the reactive gas technologies and determine if they are feasible for field testing. Some
information on a reactive gas technology based on use of hydrogen sulfide is available from
previous field testing at another site (Thornton 1999) and from analysis of the lifetime of a
gaseous-reduced treatment barrier in the vadose zone (Thornton et al. 2007). This information
will be considered in the design analysis effort. In addition, a number of scientific efforts are
underway that may provide relevant information for developing gas-phase vadose zone treatment
technologies for uranium. These studies are described in Section 3.2 of the Deep Vadose Zone
Treatability Test Plan for the Hanford Central Plateau (DOE 2008a), to which this uranium
treatability test plan is an appendix. These efforts will be monitored and considered at the
decision point identified within the design analysis task.

Efforts in the Hanford 300 Area are focused on liquid-phase technologies for sequestration of
uranium. Information from these studies for sequestration chemistry and reagent infiltration will
be monitored. However, the geochemical conditions controlling uranium mobility in the 300
Area are different than the conditions that have been studied in the 200 Area (McKinley et al.
2007; Zachara et al. 2007a). Additionally, infiltration techniques being considered for the
relatively shallow vadose zone in the 300 Area may not be feasible for the 200 Area.
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E.1. Test Site Description

Selection of a test site will consider data from existing and ongoing 200 Area characterization
activities (e.g., McKinley et al. 2007; DOE 2008b) and the results of the design analysis effort.
The B-BX-BY Tank Farm area is a promising candidate based on the characterization data
available, plans for ongoing characterization efforts at this location, and the presence of uranium
within the deep vadose zone.

E.2. Objectives

This section identifies the treatability test performance objectives. A data quality objectives
process will be conducted as part of the final test design process at the completion of the design
analysis element of the treatability test. The overall objectives of the treatability test are as
follows:

* Determine the design parameters for applying reactive gas treatment in the vadose zone,
including operational parameters such as air flow rate and injected amendment
requirements and identifying reagent delivery targets to achieve acceptable reduction of
contaminant transport in the vadose zone.

" Demonstrate field-scale reactive gas treatment for targeted areas within the vadose zone.
o Quantify the air flow, amendment rate, and other operational parameters to

evaluate implementability of the process on a large scale
o Determine the extent of geochemical changes in the targeted treatment zone to

evaluate the short-term effectiveness of the process.
" After treatment is completed, determine the rate of change in geochemical

conditions for the treated zone.
o Determine the best types of instrumentation for monitoring key subsurface and

operational parameters to provide feedback to operations and for evaluating long-
term effectiveness.

* Determine the number of injection and extraction wells, screened intervals, type of
equipment and instrumentation, and operational strategy such that costs for full-scale
application can be effectively estimated.

E.3. Conceptual Design and Testing Approach

This section outlines the conceptual design of the test. This design, related information, and
testing procedures will be refined using the results of the modeling and laboratory efforts
conducted as part of the design analysis element of the test plan. The design will also be refined
based on the characterization information collected as part of ongoing site efforts and at the
specific test site.

E.3.1. Conceptual Design

The conceptual design for reactive gas treatment is based on injection of a reactive gas into a
targeted interval of the vadose zone to alter the geochemistry of the pore water in a way that
promotes precipitation of uranium such that the uranium mobility is significantly decreased (e.g.,
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through co-precipitation with other precipitates). Figure E- 1 shows a general schematic of this
operation and the basic equipment necessary. This conceptual diagram shows a single injection
well and a single extraction well as a conceptual example of how reactive gas could be
distributed in the vadose zone. The number of wells, well spacing, open intervals, and well
configuration details will be developed in a design analysis based on modeling and laboratory
efforts. However, the conceptual design includes the primary operational processes and can,
therefore, be used to identify the system components and the operational and performance
monitoring necessary for the field test.

For the field test, primary data for reactive gas operations will be gas flow rates, gas pressures,
relative humidity, reactive gas concentrations, and tracer concentrations. Surface and cross-hole
methods such as electrical resistance tomography will also be evaluated as a means to
volumetrically monitor the in situ processes. Periodically, condensed moisture from the
extracted air will be quantified and analyzed for solutes. Long-term performance monitoring
will focus on pore water and sediment geochemistry and contaminant concentrations.

The conceptual approach is based on the ability to identify a suitable reactive gas and associated
pore water chemistry that will effectively precipitate uranium and reduce the mobility of uranium
over a long time period. Several concepts have been articulated (e.g., FHI 2006, Thornton et al.
1999, 2003, 2007) but have not be studied in detail for application in the geochemnical
environment of the Hanford 200 Area uranium waste sites (e.g., McKinley et al. 2007) and the
current knowledge of uranium chemistry at Hanford (Zachara et al. 2007a). Studies to develop
and test potential reactive gas strategies under targeted Hanford conditions are a key first step in
the treatability test process. Thus, this test plan provides a template for initiating these studies
with a path forward to subsequent field testing of a reactive gas technology. Some of the
candidate reactive gases (e.g., ammonia or hydrogen sulfide) are hazardous. Thus, initial studies
will also include a thorough assessment of potential hazards for use of reactive gases in the field
and potential operating strategies that can mitigate these hazards such as those applied 'in
previous field testing of hydrogen sulfide gas at the White Sands Missile Base (Thornton et al.
1999).
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Figure E-1. Conceptual Design for Soil Desiccation Test. (Note: The number of wells, well
spacing, open intervals, and well configuration details will be developed in a design
analysis based on modeling and laboratory efforts.)

E.3.2. Treatability Test Activities

The overall project work scope is to demonstrate reactive gas treatment at the field scale. This
work scope is divided into six tasks as follows:

* Project Management
* Design Analysis Bench-Scale Treatability Testing
* Pilot-Scale (Field) Test Site Characterization
* Pilot-Scale (Field) System Installation and Operations
* Pilot-Scale (Field) Performance Assessment Monitoring
* Data Analysis and Reporting

The following sections outline the primary steps for the treatability testing with emphasis on the
initial design analysis effort.

E.3.2.1. Project Management

Project management will be provided to ensure that the project is conducted to address the
defined objectives and to manage the scope and budget associated with meeting these objectives.

E-4



DOE/RL-2007-56, Rev. 0

E.3.2.2. Design Analysis Bench-Scale Treatabiiity Testing

The design analysis requires several steps. First, site-specific subsurface information is needed
for input to the design evaluation process. Second, a geochemical analysis for candidate reactive
gas treatments is needed to determine if the reaction chemistry is suitable for Hanford
application. Third, laboratory experiments are a key element of the treatability test to evaluate
reactive gas chemistry and interaction with uranium geochemistry and to determine process
parameters as input to the design. Fourth, the results of experiments, concurrent work on
uranium sequestration technologies for the Hanford 300 Area, other scientific investigations
(e.g., through U. S. Department of Energy Environental Remediation Science program), and
desiccation treatability testing will be evaluated at a decision point in the project to determine the
feasibility of reactive gas technology for the targeted Hanford applications. If results are
promising, the design analysis effort will proceed to the next steps of modeling and field test
design. Modeling of the process and prediction of the impact on contaminant migration in the
vadose zone is needed to determine the targeted treatment zone and operational goals for the
field test. The information from these activities can then be used as input to engineering
calculations and design modeling for determining the system equipment, well configuration, and
operational parameters for the field test.

Subsurface information for the test site will be compiled from existing data (e.g., DOE 2008b)
and through the results of recent scientific investigations (e.g., McKinley et al. 2007; Zachara et
al. 2007a and b). This information will be used to build the hydrogeochemical model of the
subsurface for evaluating reactive gas processes and subsequently to configure a model for use in
field test design.

A geochemical analysis will be conducted for candidate reactive gas treatments to determine if
the reaction chemistry is suitable for Hanford application. The evaluation will consider
geochemical conditions of the target applications (e.g., McKinley et al. 2007; Zachara et al.
2007 a and b) and the nature of the precipitate formed with respect to the potential for minimizing
uranium mobility over long time periods. Initial candidates include carbonate and silicate system
manipulation as described by the vadose zone technical team (FHI 2006). However, additional
candidates may be identified as part of the initial geochemical analysis process. A series of
proof-of-principle laboratory experiments will be conducted to evaluate the reactive gas
treatments that show potential for uranium immobilization. These experiments will provide data
to describe the nature of the precipitates that can be created and the parameters that effect the
precipitation and resolubilization processes. Laboratory test plans will be developed for these
activities and submitted for technical review to the regulatory agencies. The experiments will
build on the uranium geochemistry information available for the target sites with consideration
of the recent scientific work documented by McKinley et al. (2007) and Zachara et al. (2007a
and b).

In parallel with the proof-of-principle experiments described in the preceding paragraph,
uranium sequestration technology studies in the Hanford 300 Area, ongoing national scientific
efforts, and desiccation treatability testing will provide additional information that can be
considered with respect to uranium treatmnent in the 200 Area vadose zone. Information from
these related efforts will be compiled and evaluated in the context of the target applications.
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A decision point is identified in the design analysis effort to assess the results of the initial
activities and determine the feasibility of reactive gas technology for the targeted Hanford
applications. If a specific reactive gas technology is identified as promising, treatability efforts
will proceed. The remaining sections of this test plan are summary level general descriptions of
activities. Additional detail will be developed pending the results of the initial design analysis
effort.

If results are promising, design analysis effort will proceed to the next steps of modeling and
field test design. An appropriate model for the reactive gas process will be developed and
configured appropriately for the targeted field test. Simulations will be conducted to set
appropriate operational goals for the field test and identify the configuration of the field test
system. A simulation plan will be developed for these activities and submitted for technical
review to the regulatory agencies. This informnation will feed into the design of the field test.

E.3.2.3. Pilot-Scale (Field) Test Site Characterization

Information is available at targeted waste sites to support initial design analysis activities (e.g.,
McKinley et al. 2007). A specific location for the field test can be selected based on these data.
Once selected, more detailed characterization at the test site is needed to refine the field test
design. Detail for this element of the test plan will be developed pending the design analysis
results so that characterization parameters that are of importance to the selected technology are
identified. It is anticipated that several of the test system wells will be installed at the test site to
collect the site-specific characterization data as part of a phased installation process. The general
parameters that will be needed at the scale of the field test are listed in Section E.3.1.2.

E.3.2.4. Pilot-Scale (Field) Installation and Operations

Installation of the test system will be conducted in phases based on a design that will be
developed using the results of the design analysis (Section E.3.1 .2) and the test site
characterization (Section E.3.1.3). As described in Section E.3.1.3, some of the test system wells
and monitoring locations will be installed to the target depth interval to obtain test-site-specific
characterization information. A field test plan will be prepared based on this information to
define the details of system design, sizing, operations, sampling requirements, and waste
management. Once the final test plan is approved, the remainder of the test network will be
installed. During installation, sediment samples will be collected to establish baseline
conditions. Above-ground equipment will also be installed and tested at this time.

Test operations will consist of maintaining the selected gas/amendment flow rates and conditions
while monitoring operational parameters. Specific operational parameters and the test
monitoring approach will depend on the reactive gas technology selected in the design analysis
effort.

E.3.2.5. Pilot-Scale (Field) Performance Assessment Monitoring

Once the injection process is completed, test operations will switch to long term monitoring for
changes in geochemnical and contaminant concentrations within the targeted treatment zone.
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Similarly to performance monitoring of surface barrier performance, the performance monitoring
of a reactive gas treatment is expected to continue for a long duration. Specific targets for
performance monitoring will be developed based on laboratory data and numerical model
simulations of how geochemical and contaminant concentrations are expected to change over
time. Methods of monitoring will depend on the reactive gas technology selected in the design
analysis effort.

E.3.2.6. Data Analysis and Reporting

Data analysis will be conducted in two phases. The first phase will involve assessment of the
reactive gas injection process in terms of operational success and compilation of parameters that
can be used to support implementability, short-term effectiveness, and cost evaluation of the
process. This information will be available based on initial field test data and can be analyzed to
provide near-term information to describe the reactive gas technology as a potential technology
in feasibility studies. Continued longer-term monitoring is needed to fully evaluate reactive gas
technology performance in terms of mitigating contaminant migration. The second phase of
analysis will involve this long-term monitoring and quantifying how the treated zone changes
over time. A report for each phase will be prepared to document the testing results.

EA4. Sampling and Analysis

This section contains an outline of the Sampling and Analysis Plan (SAP). A full SAP will be
prepared and submitted for necessary approvals prior to field testing. Sample collection
requirements and location and frequency of sampling are provided in Tables E- 1 and E-2,
respectively. Analytical requirements will be developed based on the results of the design
analysis (Section E.3.1.2), but are anticipated to be similar to the Sampling and Analysis Plan for
Electrical Resistivity Correlation for the BC Cribs and Trenches Area Waste Site (DOE 2007).
Other modifications to the SAP may be necessary depending on the results of the design
analysis. The sampling and analysis tables provide the type of measurements to be taken for
three phases of test monitoring. The pre-test monitoring is associated with establishing baseline
pre-test conditions. Operational monitoring is conducted during injection of the reactive gas.
Performance monitoring will be conducted after the reactive gas has been distributed to evaluate
the longevity of the imposed geochemnical changes and assess contaminant transport over time.
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Table E- 1. Sampling Requirements.

Media/ Vlm/Holding
Parameter Matrix Monitoring Phase Container Preservation Time

Moisture content Sediment Pretest Monitoring Core sample Cool 4'C 45 Days
Operational Monitoring
Performance Monitoring_____

Physical properties (e.g. Sediment Pretest Monitoring Core sample Cool 40C 45 Days
bulk density, particle Performance Monitoring
density, grain-size
distribution, porosity,
pore size distribution,
moisture retention
characteristics,
unsaturated and saturated
hydraulic conductivity) ___________

Contaminants Sediment / Pretest Monitoring Core sample Cool 4'C 45 Days
Water Performance Monitoring

Geologic and Sediment/ Pretest Monitoring Core sample Cool 4'C 45 Days
mineralogic Water Performance Monitoring
characteristics (e.g.
sedimentary structures,
lithologic content,
surface mineralogy,
secondary mineralization
[e.g. CaCO3], pore water
chemistry)____________________________

Borehole logging for Sediment Pretest Monitoring Field None N/A
moisture, radionuclides, Operational Monitoring Measurement
etc Performance Monitoring

Electrical resistance Sediment Pretest Monitoring Field None N/A
tomography Operational Monitoring Measurement

Performance Monitoring ______

Water potential Sediment Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ________ __________

Relative humidity Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ________ __________

Temperature Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring ________ __________

Reactive gas Air Pretest Monitoring Field None 14 days
Operational Monitoring Measurement/
Performance Monitoring Suimma

Canister Gas
__________________________ __________________Sample______________
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Table E-2. Sampling Requirements. (page 2 of 2)

Media/ Volume/ Holding
Parameter Matrix Monitoring Phase Container Preservation Time

Tracer Air Pretest Monitoring Field None 14 days
Operational Monitoring Measurement/
Performance Monitoring Summa

Canister Gas
_______ _________________Sample_______

Air flow rate Air Operational Monitoring Field None N/A
Measurement

Air pressure Air Operational Monitoring Field None N/A
Measurement

Barometric pressure Air Pretest Monitoring Field None N/A
Operational Monitoring Measurement
Performance Monitoring

Condensate solutes Water Operational Monitoring 20-mi. plastic Cool 4'C 45 Days
Performance Monitoring

Condensate volume Water Operational Monitoring Field None N/A
(during water sampling) Performance Monitoring Measurement

N/A =Not applicable.

E-9



DOE/RL-2007-56, Rev. 0

Table E-3. Sampling Frequency and Location.

Parameter Monitoring Phase Sampling Location Sampling Frequency
Moisture content Pretest Monitoring Depth-discrete sampling in At time of installation

all installed boreholes
Operational Monitoring Depth-discrete sampling Depends on other process monitoring

depending on other process results
___________________monitoring results

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
_______________up to three boreholes results

Physical properties Pretest Monitoring Depth-discrete sampling in At time of installation
all installed boreholes

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
_______________up to three boreholes results

Contaminants Pretest Monitoring Depth-discrete sampling in At time of installation
all installed boreholes

Performance Monitoring Depth-discrete sampling in Depends on other process monitoring
______________ __________________up to three boreholes results

Geologic and Pretest Monitoring Depth-discrete sampling in At time of installation
mineralogic ___________all installed boreholes
characteristics Performance Monitoring Depth-discrete sampling in Depends on other process monitoring

______________ __________________up to three boreholes results

Borehole logging Pretest Monitoring In all installed boreholes At time of installation
for moisture, Operational Monitoring Up to two monitoring Depends on other process monitoring
radionuclides, etc boreholes results

Performance Monitoring Up to two monitoring Depends on other process monitoring
boreholes results

Electrical Pretest Monitoring Installed array At time of installation
resistance Operational Monitoring Installed array Every 2 weeks or depending on other
tomography process monitoring results

Performance Monitoring Installed array Every 2 weeks or depending on other
process monitoring results

Water potential Pretest Monitoring Installed moisture At time of installation
monitors

Operational Monitoring Installed moisture Daily or depending on other process
momtors monitoring results

Performance Monitoring Installed moisture Daily or depending on other process
monitors monitoring results

Relative humidity Pretest Monitoring All installed wells Baseline monitoring prior to test
Operational Monitoring Air injection/extraction Continuous for air injection/extraction

system and for all air system, at all sampling events for
samples monitoring locations

Performance Monitoring For all air samples At all sampling events for monitoring
locations
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Table E-4. Sampling Frequency and Location. (page 2 of 2)

Parameter Monitoring Phase Sampling Location Sampling Frequency
Temperature Pretest Monitoring All installed wells Baseline monitoring prior to test

Operational Monitoring Air injection/extraction Continuous for air injection/extraction
system and for all air system, at all sampling events for

_______________samples monitoring locations

Performance Monitoring For all air samples At all sampling events for monitoring
_________________locations

Reactive gas Pretest Monitoring All installed wells Baseline monitoring prior to test
Operational Monitoring Air injection/extraction Continuous for air injection/extraction

system and for all air system with sensor if possible, at all
samples sampling events for all locations for

Summa consiter samples
Performance Monitoring For all air samples At all sampling events for monitoring

locations with sensor if possible and
Summa consiter samples

Tracer Pretest Monitoring All installed wells Baseline monitoring prior to test
Operational Monitoring Air injection/extraction Continuous for air injection/extraction

system and for all air system with sensor if possible, at all
samples sampling events for all locations for

Sumnma consiter samples
Performance Monitoring For all air samples At all sampling events for monitoring

locations with sensor if possible and
Summa consiter samples

Air flow rate Operational Monitoring Air injection/extraction Continuous for air injection/extractoin
system system

Air pressure Operational Monitoring Air injection/extraction Continuous
system and at all

________________monitoring wells

Barometric Pretest Monitoring Ambient Continuous
pressure Operational Monitoring Ambient Continuous

Performance Monitoring Ambient Continuous

Condensate solutes Operational Monitoring At condensate system At initial operation and then at
___________________intervals depending on initial results

Performance Monitoring At condensate system At intervals depending on results
_____________during operational monitoring

Condensate Operational Monitoring At condensate system At initial operation and then at
volume (during __________ ____________intervals depending on initial results
water sampling) Performance Monitoring At condensate system At intervals depending on results

____________ _______________ ________________during operational monitoringJ
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E.5. Data Management

A project-specific database will be developed and maintained to collect, organize, store, verify!
validate, and manage analytical laboratory data and/or field measurements for environmental
samples. The data will be stored electronically in Microsoft Excel spreadsheets and paper copies
will be maintained in the project files. A project data custodian will be designated to control and
maintain the data. The following data will be contained, at a minimum, as part of the database:

" Sample identifier
" Sample location
* Sample medium type
" Sampling date
" Analysis date
* Laboratory name
" Analyte name
" Concentration value
" Measurement unit.

Pertinent analytical data collected in the laboratory will be also be recorded in the Hanford
Environmental Information System.

E.6. Data Analysis and Interpretation

Discussion of the planned tests and sampling are found in Sections 4.0 and 5.0. This section
describes the plan for analysis of the operational and performance monitoring data.

E.6.1. Operational Performance

Operational performance during reactive gas injection will be assessed in terms of
implementability, short-term effectiveness, and cost evaluation of the process. Data for reactive
gas and tracer arrival at monitoring and extraction locations and electrical resistance tomography
will be used to evaluate the sweep volume, effective distribution of reactive gas, and timeframe
for delivery. Reactive gas, reaction products, and tracer concentrations in soil gas samples will
be used in conjunction with sediment and pore water analyses of post-injection core samples to
evaluate the short-term effectiveness in terms of inducing the desired geochemnical changes. The
ability to initiate and maintain operational conditions (e.g., air/gas flow rate, maintaining
appropriate reactive gas concentrations) and the necessary equipment and well spacing will be
evaluated in terms of the implementability and cost for reactive gas operations.

E.6.2. Long-Term Performance

Long-term performance assessment is focused on the effectiveness of the treatment in terms of
mitigating contaminant migration. Because contaminant migration is inherently slow in the
vadose zone, long-term performance assessment will include measuring both contaminant
migration and the maintenance of conditions that inhibit contaminant migration (e.g., the
targeted geochemnical conditions). Modeling predictions of how the imposed geochemical

E- 12



DOE/RiL-2007-56, Rev. 0

conditions impact contaminant migration will be used as a baseline for comparison with the
measured trends during the long-term monitoring period. A key monitoring parameter will be
the duration that indicator geochemnical conditions are maintained.

E.7. Health and Safety

Safety and health issues relating to the treatability test are addressed in site-specific safety
documents that identify both radiological and industrial safety and health hazards, as well as
control measures for those hazards. Safety documents include specific training requirements for
all site workers and visitors. Job-specific health and safety plans covering drilling testing, and
monitoring activities will be prepared.

E.8. Waste Management

All investigation-derived waste will be handled in accordance with applicable Hanford Site
requirements. Expected waste streams may include the following:

" Soils brought to the surface during drilling activities

" Miscellaneous solid waste such as filters, wipes, gloves and other personal protective
equipment, sampling and measuring equipment, pumps, pipe, wire, or plastic sheeting

" Water generated during characterization, operation, or monitoring.

* Decontamination solutions.
Waste will be designated in accordance with WAG 173-303, "Dangerous Waste Regulations"
using a combination of process knowledge, historical analytical data, and analyses of samples
collected from the site.

Spill Containment/Control. An inventory of spill clean up equipment and materials shall be
maintained on site. These will include shovels, absorbents, containers, plastic bags, wipes, and
large plastic sheets or tarps. Should a leak occur, the field lead engineer or designee shall be
notified and measures shall be taken to remedy the leak and minimize the spill as practical.

E.9. Reports

A test report summarizing the results of the treatability test will be prepared. The format of the
report will be based on the suggested outline for treatability test reports provided in the Guide for
Conducting Treatability Studies Under CERCLA (EPA 1992).

E.10. Schedule

The schedule of project activities associated with the field test is shown in Figure E-2. Initial
activities are associated with the bench-scale treatability testing which will consist of laboratory
and modeling efforts as a design analysis for uranium treatment. A decision point based on the
bench-scale testing is included to determine the need and merit of proceeding to pilot-scale
(field) testing. Subsequent activities are associated with these pilot-scale efforts.
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